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Bede N. OkiglxY 
The Current Concern About 
Sustainabllity 
There is widespread concemaboutsustaina-
bility in agricultural production and devel-
opment programs. Hardly a day passes 
withoutanarticle,conference, seminar, radio 
or television program, or publication on 
agricultural research and development 
devoted to one or more aspects of sustaina-
bility in agriculture and development. This 
emphasis on sustainability has arisen from 
increasing worldwide concern about envi-
ronmental degradation and various related 
processes, such as soil erosion and degrada-
tion, and loss in genetic diversity, which are 
known ~o have adverse effects on agricul-
tural productivity. Thisincreasingconcern 
about pollution and deterioration of envi-
ronmental quality has been building m0-
mentum since Silent Spring (Carson 1963), 
and it has given rise to environmental 
movements, political parties, and various 
organizations that are now spearheading 
political activism and campaigns for changes 
in policies,laws, technologies, and develop-
ment strategies in order to safeguard man's 
life support system and enhance environ-
mental quality. 
This concern is pervasive in both devel-
oped and developing countries. According 
to Swaminathan (1988) "ecological fires are 
raging in most parts of the world" as a result 
of "deforestation, desertification, demo-
graphic pressures, soil erosion and water 
pollution" in the developing countries and 
"acid rain, atmospheriC pollution, contami-
nated water, environmental mutagens and 
carcinogens and toxic waste" in the devel-
oped rountrie~. It has been observed that 
while the pollution and environmental deg-
radation caused by the assault on the envi-
ronment results from poverty in the devel-
oping countries, it is the result of wealth in 
the developed countries (Mellor 1988a, b). 
In other words, the sustainability problem 
in agriculture arises out of different socio-
economic circumstances and activities in 
the developed and developing countries. 
While lack of capital and access to inputs 
and technologies have had adverse envi-
ronmental effects in the developing coun-
tries, it is the excessive use of some other-
wise appropriate technologies and theinap-
propriatenessof somecostlyinputs that have 
caused concern in the developed countries. 
Inappropriate technologies have caused 
environmental pollution, while very costly 
inputs are increasingly rendering agricul-
tural production uneconomical in the ab-
sence of subsidies. 
Rodale (1988) has cited the following 
reasons for the current interest in sustaina-




problem of high productivity and sur-
pluses, associated with a concern about 
whether these could be kept up; 
as nonrenewable resources are the basis 
of operation and productivity of con-
ventional American agriculture, it is 
feared that when supplies run out either 
food will become too expensi ve or pro-
ductivity will decline; 
high levels of production today 
contributing to environmental degra-
dation, in tenns of soil erosion, degra-
dation, and deforestation; 
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• escalation of pollution problems trace-
able to some agricultural practices; 
• concern aboutfinding ways to relyrnore 
on internal farm resources and continu-
ously enhancing them under rapid 
population growth and increasing pres-
sureson the limited resources available; 
• the likely unsustainability of conven-
tional technologies and agricultural pro-
duction systems in the future when 
agricultural production becomes the 
main source of energy and chemical 
feed stocks; 
• problem of whether the good life in 
rural areas can be maintained if family 
farms are replaced by large-scale indus-
trialized farms which produce all the 
food. 
It is because of this concern about the 
environmentin all parts of the globe and the 
fact that some human activities threaten 
human life-support systems that the World 
Commission on Environment labeled its 
report "Our Common Future". Mellor 
(1988a) has aptly observed that "now a 
beneficial partnership between rich coun-
tries and poor might pursue our common 
environmental goals," but he also wondered 
"whether the quick succession of develop-
mental fads in the past two decades sug-
gests that present environmental concerns 
may also fade away," leaving in its wake 
"wasted money, wasted time and lost 
momentum." In this regard, sustainability 
is now topmost in the agenda of priorities in 
the Consultative Group on Intemational Ag-
ricultural Research (CGIAR). The World 
Bank and foreign assistance and agricul-
tural development agencies are also accord-
ing priority to sustainability. In the past, 
whenever such developments took place, 
African governments usually followed suit 
with plans and targets, but in the end suc-
cess eludes us, as the Green Revolu tion has 
so far done. 
Set against this background, the rest of 
this lecture will discuss the scope of activi-
ties involved in the developmentof sustain-
able systems necessary for effecti ve agricul-
tural development in Africa. Due consid-
erationisgiventotheresourcesavailablefor 
agricultural production and research, their 
efficient management in the diverse eco-
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logical conditions of the continent, and the 
organizational and institutional factors that 
ensure sustainability. Finally, the roles of 
international agricultural research centers 
(lARCs) and national agricultural research 
systems (NARS) are reviewed, and recom-
mendations are made for the achievement 
of objectives through effective interdiscipli-
nary and institutional cooperation. Manyo! 
the concepts abou t sustainability presented 
here are not new. What may be different is 
their interpretation and the discussion on 
various factors that affect sustainability from 
the African and an agronomist's point of 
view. 
Problem of Definition and 
Conceptual Framework 
As a more or less abstract phenomenon 
dealing with complex and practical prob-
lernsof agricultural production, the diction-
ary definition of sustainability as the conti-
nuity of a process, activity, or achievement 
of results without failure or decrease does 
not give a concrete indication of the real 
nature of tht!term as applied to agriculture. 
The BIF AD (1988) task force report on strate-
gies for sustainable agriculture gave the 
following defini tions from different sources: 
• The successful managementofresources 
for agriculture to satisfy changing 
human needs, while main taining or en-
hancing the natural resource base and 
avoiding environmental degradation. 
• The ability of an agricultural system to 
maintain production over time in the 
face of social and economic pressures. 
• One that should conserve and protect 
natural resources and allow for long-
term economic growth by managing all 
exploited resources for sustainable 
yields. 
The first of these is the same as the 
CGIAR/TAC (1988) definition of sustain-
able agriculture. Dover and Talbot (1987), 
while noting that sustainability means dif-
ferent things to different people, defined 
sustainable agricultural systems, based on 
ecological principles, as those systems whose 
productivity can continue indefinitely without 
undue degradation of the other ecosystems. This 
definition does not address off-farm activi-
ties or externalities, which may also make 
agricultural systems or some factors of pro-
duction unsustainable. 
Rodale (1988) regards a sustainable ag-
riculturalproductionsystemasoneinwhich 
the resources used in production are man-
aged in such a way that they are more or less 
self-generating and ensure continual im-
provement well beyond conventional ex-
pectations. This implies that prevailing 
agricultural production systems are not to 
be regarded as sustainable. Knezek et al. 
(1988) defined sustainable agriculture as one 
which is 
• resource conserving and uses external 
and internal resources as efficiently as 
possible, 
• environmentally sound, actually en-
hancing rather than detracting from the 
natural environment, and 
• economically viable in that it earns a fair 
return on farm investments. 
It is interesting to note that, in this defini-
tion, the earnings are not necessarily maxi-
mized or optimized. Sometimes, due to the 
concern about environmental implications, 
some part of the productivity may be con-
ceded in order to ensure sustainability and 
because of the need to minimize undue 
exploitation of resources. 
Lynam and Herdt (1988) stress that sus-
tainability must have a precise definition 
and, after referring to Conway's (1985) defi-
nition of it as "the ability of a system to 
maintain productivity in spite of a major 
disturbance such as is caused by intense or 
large perturbation," point out the implied 
emphasis on the time dimension in sus-
tainability. They then observe that there is a 
problem of specifying the boundary level at 
whichsustainability, defined mainlyinterms 
of its characteristics, applies, noting that 
confusion arises from the mixing of levels. 
Furthermore, they define sustainability as 
the capacity of a system to maintain output at a 
level approximately equal to or greater than its 
historical average, with the approximation de-
termined by its historical variabili ty. Whi Ie this 
definition is, by and large, correct from the 
analytical and quantitative standpOint as 
regards the assessment of sustainability, 
some of the seven propositions associated 
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with it are questionable on the basis of cer-
tain agronomic, ecolOgical, and sociocultu-
ral considerations. These are the proposi-
tions which (1) do not seem to take cogni-
zance of the fact that certain component 
technologies, which under testing may re-
sult in sustainable productivity at the sys-
tems level, may still be individually inap-
propriate for ecological reasons; (2) limit 
conceptualization of sustainability to the 
systems level because it is the level at which 
sustainability can be most easily tested; (3) 
de-emphas\ze the importance of externali-
ties of a sociological or cultural nature be-
cause they involve more of value judge-
ments; and (4) insist on determining sus-
tainability at the highest level and then 
proceeding downwards. In the real world 
in which researchers and fanners operate, in 
view of adverse short-term and/or long-
tenn effects, (t) not all technologies that can 
contribute to system sustainability are ap-
propriate because the system may have 
adverse effects within and outside agricul-
ture; (2) sustainability issues in an increas-
ingly interdependent world and a global 
economy have global, regional, national, 
and local dimensions with sociopolitical, 
ethical, philosophical, and legal implications 
tha t are neither yet amenable to quanti tati ve 
analysis nor a priority in the mandates of 
IARCs; and (3) sustainability should be 
assessed both downward and upward in 
the hierarchy of subsystems and systems, 
since synthesis and testing are usually pre-
ceded by assessment of components. The 
problem of sustainable agricultural produc-
tion systems in Africa concerns a hierarchy 
of systems, since sometimes a sustainable 
prod uction system at the local level may fail, 
for example, under invasion by swarms of 
locusts, for which action above, at the na-
tional or regional level, is imperative. 
In this paper,a sustainable agricultural 
production system is defined as one which 
maintains an acceptable and increasing level of 
productivity that satisfies prevailing needs and 
is continuo usly adapted to meet the future needs 
for incretlSing the carrying capacity of the re-
source base and other worthwhile human needs. 
Sustainability can only be achieved when 
resources, inputs, and technologies are 
within the capabilities of the farmer to own, 
hire, maintain, and manage with increasing 
efficiency, to achieve desirable levels of 
productivity in perpetuity with minimal or 
no ad verse effects on the resource base, 
human life, and environmental quality. It is 
doubtful whether any prevailing agricul-
tural production system can be claimed to 
have achieved absolute sustainability and 
to have managed continuous increases in 
productivity without some economic, SI>-
cial, and/or ecological cost to the farmer or 
community in the short or long term. In 
other words, a sustainable agricultural pro-
duction system is one in which the farmer 
continuously increases productivity at lev-
els that are economically viable, ecologi-
cally sound, and culturally acceptable, 
through the efficient management of re-
sources and orchestration of inputs in 
numbers, quantities, qualities, sequences, 
and timing, with minimum damage to the 
environment and danger to human life. 
Viewed in another way, sustainableagricul-
ture as a bioeconomic activity remains a 
science, a business, and an art of managing 
resources and inputs in ways that ensure 
productivity at levels that satisfy changing 
human requirements. Implicit in this is a 
complementarity among the scientific 
(knowledge and technology), socioeco-
nomic, and artistic elements. Here the art 
includes some tangible and some intan-
gible--not easily quantified-cultural ele-
ments that do somehow contribute to sus-
tainability. The resources, inputs, or tech-
nolOgies involved include all those that are 
required during all stages of production and 
those of the food system, up to the consump-
tion stage. Therefore, seriously speaking. 
sustainable agricultural production can best 
be evaluated by the final nutritional impact 
and effect on farm income. Its evaluation 
criteria should include effects on human 
nutritional status and health, in addition to 
the extent to which the resource base is 
enhanced on both short-term and long-term 
criteria. This remains so, even though some 
components may be difficult to measure. 
Productivity over time alone should not 
constitute the criterion for measuring sus-
tainability, if human life is endangered. 
Moreover, total productivity should actu-
ally be based not only on the economically 
consumed or marketed part but also on the 
total biomass, to the extent that it is known 
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to be of benefi t to man, livestock, and re-
source enhancement 
At the systems level, an agricultural 
production systemislocationspecific,andit 
is uniquely determined on thebasisofinler-
acting physicochemical, biological, techno-
logical, managerial, and socioeconomic ele-
ments that satisfy specific objectives. In a 
sustainable agricultural production system 
in a given location, there should always be 
increasing knowledge, slcUl, and under-
standing of: 
• the physicochemical facton, such as 
soils, climate, moisture, radiation, day 
length, etc., and the way they change 
ana interact so that they can be ma-
nipulated or given due consideration in 
efforts aimed at creating favorable con-
ditions for the 
• biological elements of the production 
system in terms of crops and/or ani-
mals whose products are required in 
relation to their interaction in the agro-
ecosystem with weeds, pests, and even 
beneficial and nonbene(icial organisms 
that shape their environment on the 
basis of 
• changing and appropriate technologies 
at the disposal of the fanner, and accept-
able and relevant to his circumstances 
on the basis of his 
• sociocultural background, in relation 
to education, experience, community 
organization, social relations and insti-
tutions, legal systems, etc., to the extent 
that they interact compatibly to deter-
mine the 
• economic viability and ecological 
soundness, based on the farmer's mana-
gerial ability and operational cost effec-
tiveness, market and pricing structure, 
trade-offs with respect to maintenance 
of environmental quality, prevailing in-
frastructure, and policy environment. 
(Of course, the measures that ensure 
long-term sustainability may be unat-
tractive in the short term to the farmer, 
in which case certain technology char-
acteristicsorstate policy maybe used to 
achieve the desired objective). 
It should, however, be emphasized that, 
by and large, a sustainable agricul tural pro-
duction system should still be based on 
sound economic principles and should not 
necessarily be a low-input production sys-
tem. According toHoJt(1988), the develop-
ment of economically viable agricultural 
production systems should be based on 
research aimed at selecting one or more pro-
duction systems from among several alter-
native systems, which evaluate the optimal 
combinations of inputs, in such a way that 
the lowest cost of input per unit of output is 
achieved often at the point of maximum 
economic yield (Figure 1). Usually the higher 
the price, the higher the cost of production at 
which maximum profit or minimum loss is 
achieved, until the law of diminishing re-
turns is encountered. The total variable cost 
of inputs can be reduced by using lower 
levels of inputs, and it does not always 
result in reduction of the variable costs per 
unit of output (Figure 1). Where the reduc-
tion in the level of a certain output and its 
cost causes the ou tput to decrease, the fixed 
cost per unit of output usually rises. Re-
search may provide the appropriate solu-
tions, through thesubstitutionofinputs with 
alternative, less expensive, but similarly 
effective inputs or through cost-reducing 
technologies. In the development of sus-
tainable agricultural production systems, 
inputs and technolOgies whose combina-
tions are used at various levels may not 
always be those that minimize loss and 
maximize profit. Where there is a trade-off 
between maximizing profit and minimizing 
losses, without serious adverse effects on 
environmental quality, the yield or produc-
tivitytrends canbe maintained ata reasona-
bly positive rising slope. In any case, since 
a reduction in level of input usually results 
in low output, the level of productivity 
achieved may not satisfy demand, even 
though the economic levels of output may 
be achieved where, for example, the land 
resources are poor, marginal, and of low 
productivity potential. Thus, while low-
input systems may be developed for poor 
farmers who cannot afford costly inputs 
such as · fertilizers, they may not always be 
sustainable in the sense of satisfying in-
creasing demands under increasing popu-
lation pressure. But reduction of fertilizer 
cost through biological processes, in combi-
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Figure 1. A graphic model of costsand profits 
associated with productlvltygoals(Holt 1988). 
fertilizers and technologies that reduce la-
bor costs, may constitute a viable alterna-
tive. In some situations, areas that are 
marginal for food or arable crops may not be 
as marginal or require high input levels for 
tree crops, which may yield higher incomes 
while enhancing the resource base. Thus, 
various options for achieving sustainabil-
ity, through alternative resource manage-
ment strategies generated by research, 
should be considered, together with the 
associated socioeconomic and institutional 
problems. 
Development may be defined in terms 
of its biological context as a continuous 
process by which whole organisms or their 
parts grow in number and size, and differ-
entiate and modify their chemical composi-
tion and physical structure during different 
stages of maturity or aging. Of concern here 
is the development of sustainable agricul-
tural production systems in Mrica through 
research, training, and related activities that 
facilitate widespread adoption by farmers. 
This kind of development entails the plan-
ning, designing, and evaluating oftechnolo-
gies, alternative subsystems, and systems 
on research stations and on the fanners' 
fields. Usually ,on-station research involves 
choices of treabnents, equipment, designs, 
practices, or other technologies to be tested 
on the basis of a reasonably good under-
standing of the fanners' overall environ-
ment, enterprise, and the on-fann and off-
farm constraints to increased productivity. 
Evaluation of results of on-station re-
search leads to a few promising potential 
technologies and subsystems that are then 
modified through interaction with the farmer 
in the planning and design stage of on-farm 
research, in order to ensure their relevance 
to the fanner's needs and circumstances. 
Theevaluationofon-farmadaptiveresearch 
involves monitoring the adoption process, 
including the difficulties the fanner experi-
ences in this process and the advantages of 
the technologies under test, so as to facilitate 
feedback to research station scientists and to 
determine the modifications needed to tune 
the technologies more finely to the farmers' 
circumstances and needs. The basic objec-
tive in linking on-station research and on-
farm adaptive research is to determine the 
resource management decisions and input 
mixes that the farmer should use to create 
favorable environmental conditions for the 
biological development of organisms which 
constitute the commodities being produced 
on thefann. A favorable environmentis one 
that enhances high yields and economic 
returns at the stage when the economic com-
ponent of the commodity is harvested. In 
the development of sustainable agricultural 
systems, various environmental factors and 
commodity performances are evaluated 
within a sustainability perspective that 
should, as far as possible, not be limited to 
the productivity factor. 
It is obvious that the development of 
sustainable agricultural production systems 
involves more work and a wider scope of 
activities, and of design, analytical, and 
evaluation capabilities, than have been 
needed in conventional agricultural research 
to date. It calls for a more holistic or systems 
approach and for monitoring of perfonn-
ance over a longer period of time than has 
been the practice so far. This also necessi-
tates the use of evaluation criteria in which 
a sustainabilityperspective is incorporated. 
According to Franciset a1. (1986), in the de-
velopment of a sustainable or regenerative 
agricultural production system. emphasis is 
given to the use of resources found on the 
farm, instead of expensive imported energy 
resources, eSpecially fertilizers and pesti-
cides. In other words, priorityisgiven to the 
farmers' reliance on internal farm resources 
as far as possible. The main objective is to 
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limit the farmers' use of inputs that are 
normally not accessible. Harwood (1983) 
has noted that a conceptual framework for 
productive systems should include: (1) the 
interrelatedness of all parts of a farming 
system, including the farmer and farm 
family; (2) the importance of the innumer-
able biological balances in the system; and 
(3) the need to maximize desired biological 
relationships in the system, and to minimize 
the use of materials and practices which 
disrupt those relationships. 
Francis et al. (1986) also observed that 
several studiesof reduced energy, resource-
conserving, sustainable production practices 
have been conducted and the economic 
consequences of adoption determined. They 
recommended that in these studies the bio-
logical and the economic components should 
be integrated by progressive biological se-
quencing to facilitate the choice of cultural 
practices that can cause adynamic change in 
the prod action environment. Some aspects 
of this approach will be referred to later. 
Rawlins (1988) also emphasized that prior-
ity should be given to the application of sys-
tems science in the development of sustain-
able agricultural production systems and 
observed that today's complex problems 
cannot be solved unless people work to-
gether: 
But working together on large complex 
problems is not easy. Our "rugged'" indi-
vidualist heritage leaves us with ineffec-
tive tools to deal with problems that can 
only be solved by community action. Look 
at any really large system and you will 
find a tragic waste of resources resulting 
from failure to develop holistic manage-
ment strategies that provide the neces-
sary linkage between the systems compo-
nents. Our failure to develop a sustain-
able food system is partly the result of 
compartmentalized thinking. Someone 
else has responsibility for agriculture. 
Others are concerned about the relative 
competitive advantage of one geographic 
area over another. Rarely are the needs of 
those who will live in the future repre-
sentedfairlyinthebiddingprooessforthe 
depleting resources we are spending. 
Scientists generally identify with one of 
these groups and assume the task of solv-
ing the problems presented by it. Rarely 
do weassume the responsibility ofidenti-
tying. stating, and solving the problems 
presented by something as large as the 
food system as a whole , .. This failure to 
look at whole systems results in piece-
meal planning that fails to consider three 
important dimensions of real systems-
and, consequently, pennanently cripples 
the system. A holistic system must be 
treated as a single entity from a functional 
perspective, a geographic perspective, and 
a time perspective. Without taking into 
account potential trad~ffs betweenfunc-
tions and locations or without consider-
ing the fulilife..cycle of the system, deci-
sions will be made that pennanently fix 
the system's overall operating efficiency 
below the optimum. 
Rawlins further noted that "powerful 
new tools for stating problems and linking 
interdisciplinary teams together to solve 
problems are beginning to emerge from the 
fled~ing ~p1ine of systems engineering 
and Its allIed fields." It lS, therefore, impor-
tant tha~ in resear~ aimed at development 
of sustaInable agncultural production sys-
tems, tearns of researchers must be man-
aged in such a way as to ensure really inti-
mate interaction among all relevant disci-




In addition to the obvious scientific, techni-
cal, and economic issues that are invol ved in 
the development of sustainable agricultural 
production systems, there are several other 
factors crucial in ensuring sustained devel-
opment, the understanding of which could 
engender more national commitment to 
peace and stability and enhance allocation 
of resources and priority to sustainable 
~~~ultural research and development ac-
tiVIties. Some of these factors also deter-
mine scientists' attitudes and effectiveness 
in related research, development, and train-
~g activities that enhance farmers' adop-
tion and use of the practices and systems 
developed. These issues are sometimes 
ethical, metaphYSical, political, legal, philo-
~phica1, and religiOUS, but mostly cultural 
~ nature. They may not be considered 
unporta~t by most professional agricultural 
econormsts and agronomists, especially in 
developed countries. If I am not mistaken I 
think some of these constitute what Lyna~ 
and Herdt (1988) referred to as externalities. 
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As Ruttan (1988) observed, '''The first post-
war generation of development economists 
gave a prominent role, at least atthe rhetori-
cal level, to the role of cultural endowments 
in constraining or fadlitating economic 
growth." 
There has recently been a spate of pup.. 
lications on these or related. issues and some 
of them are briefly reviewed here. Others, 
which require more detailed. study, include: 
Alexander (1977), Lovelock (1979 and 1988), 
Gabel (l979),NationaIForum(1988},Ameri-
can Journal of Alternative Agriculture 1(1 
and 2, 1986), Barnaby and Pearson (1988), 
The Hunger Project(l985), World Resources 
Institute (1988), Mellor (l988b), Byron (1988), 
Rome Forum (1986), Davis and Schirmer 
(1987), and Jacobs (1981). Lovelock's Gaia 
hypothesis (1979 and 1988) views the world 
as a self-regulatory or closed system, which 
operates in such a way tha tthe interaction of 
all the mineral, bioJogical, and other nonliv-
ing elements creates conditions suitable for 
li~e. H!s ~oncept of the rol~ of evolutionary 
dlverslty mthe self-regulation of conditions 
on earth constitutes a sound basis for under-
standing the role of diversity in maintaining 
sustainability . 
Barnaby and Pearson (1988) reviewed 
world events and the progress towards 
evolution of a global economy and con-
cluded. thatthere were no signs of war in the 
world until about 5000 Be, but from that 
time up to World War II and today, prob-
lems of tenitory and resources, ideology, 
armed camps, new identities, politicians, 
etc., have always constituted the roots of 
C?nflict among nations, with the inequali-
ties between developed and developing 
countries as a very serious problem. They 
recommended that priority should be given 
to the following issues in ensuring peace 
and sustainable development: 
Stetldy StJlte fluw by ensuring that the real 
wealth of the earth or capital in tenns of 
fertility of soil, diversity of species, clean 
water and air, and equitable climate are 
guarded and replenished. Energy for life, 
which entails tapping of fuelwood, solar 
power, photovoltaks, biomass,and other 
forms of energy efficiently, 
A new mvlronmentlll concern, which in a 
sustainable society, calls for all people to 
regard protectionofthe environmentasa 
healthy insurance for the future. 
Redistribution of WeJJlth, which is necessi-
tated by the fact that poverty is a major 
constraint to progress now and in the 
future. Therefore, this should be in the 
agenda for sustainable development. 
Appropriszte technology, which deempha-
sizes accelerated and destructive use of 
resources. 
Pllrliciptltion in conflict resolution, through 
a broader base of power, more coopera-
tive forms of government, better ways of 
conflict resolution. 
Education of people , which is necessary for 
continually acquiring knowledge and de-
veloping skills to achieve many of our 
objectives in development. 
Decerttralized economy, involving restruc-
turing the economies through greater in-
volvement of regional and even local 
centers ratherthan their being centra1ized 
in industrial countries at New York, Lon-
don, or Tokyo. 
Morld controls on technology, especially as 
regards the development of military tech-
nology and predicting with care its likely 
consequences. The world's military ex-
penditure is estimated at US$l00 billion 
annually (Barnaby and Pearson 1988). This 
amounts to about US$2 million a day 
(Swaminathan 1988). African countries 
spend US$25-750 per capita per annum 
on defence (Barnaby and Pearson 1988). 
At least 8 African countries spend more 
than 20% of their central government ex-
penditure on the military, while several 
others spend in excess oflO'Yo (seepp. 33-
34). The annual expenditure on arms by 
African countries amounted to about 
US$14 billion in 1982. YetalmostallAfri-
can countries do not command sufficient 
funds for ~search and development ac-
tivities that are vital in increasing agricul-
tural and industrial productivity. There 
is, therefore, an urgent need for new atti-
tudes which moderate national sover-
eignty and global loyalties. 
Spmzd spiritwd reoolution, limiting abuse 
of power and encouraging a new leader-
ship to abolish war. 
The World Commission on Environ-
ment and Development (WCED), commis-
sioned by the United Nations to draw up a 
global agenda for action, reviewed several 
recent events of environmental Significance 
and noted that the "earth is one but the 
world is not. We all depend on the bio-
sphere for sustaining our lives. Yet each 
community, each country, strives for sur-
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vivaland prosperity with little regard for its 
impact on others." (WCED 1987) 
The WCED report drew up the follow-
ing objectives and requirements for sustain-
able development: 
A. Objectives: 
• reviving growth; 
• changing the quality of growth; 
• meeting essential needs for jobs, food, 
energy, water, and sanitation; 
• conserving and enhancing the resource 
base; 
• reorienting technology and managing 
risk; and 
• merging economics and environment 
in decision·making. 
B. Requirements for Sustainable 
Development: 
1. a political system that secures effective 
citizen participation in decision-mak-
ing; 
2. an economic system that is able to gen-
erate surpluses and technical knowl-
edge on a self-reliant basis; 
3. a social system that provides for solu-
tions for tensions arising from dishar-
monious development; 
4. a production system that respects the 
obligation to preserve the ecological base 
for development; 
5. a technological system that can search 
continuously for new solutions; 
6. an international system that fosters 
sustainable pattemsoftrade and finance; 
and 
7. an administrative system that is flexible 
and has the capacity for self-correction. 
The Hunger Project (1985) discussed 
various kinds of hunger and emphasized 
that although hunger affects millions and 
causes 13-18 million deaths per year, only 
when it occurs in a form as dramatic as 
famine does it become news. It noted that in 
efforts to eliminate hunger, myriad prob-
lems are encountered~ economic, social, 
ideological, political, philosophical, cultural, 
and even psycholOgical in nature. The re-
port concluded thatissues which determine 
the persistence of hunger include popula-
tion, food, foreign aid, national security, 
and the new international economic order. 
Byron (1988) discussed ethical issues in 
the protection and promotion of the right to 
food and observed that "each person, in 
function of being human, hasa rightto those 
material necessities without which human 
life and human dignity cannot be sustained!" 
"One of these necessities," he noted,. "is 
food, bu t the unfettered, individualist exer~ 
cise of human rights and unregulated play 
of free markets are in no small way respon-
sible for the problem of world hunger," 
when viewed in relation to the social r~ 
sponsibilities of human communities. By~ 
ron cited the Charter of the United Nations 
as affirming a "faith in fundamental human 
rights, in the dignity and worth of the human 
person, in the equal rights of men and women 
of nations large and small!' He further 
noted the United States Hou~SenateCon~ 
current Resolution declaring as National 
Policy the right to food and affirming that, 
"every person in this country and through~ 
out the world has the right to food-the 
right to a nutritionally adequate diet-that 
this right is henceforth to be recognized as a 
cornerstone of U.S. policy." 
Byron further observes that the United 
States' Public Law 480 (Food for Peace), 
enacted in 1954 in a domestic political envi-
ronment when there were huge fann sur-
pluses, provides for food aid to support 
United States foreign policy and national 
security goals. Other observations on re-







the right to food does not depend on 
employment performance; 
protection ofthe right to food extends to 
protection of natural resources, land, 
water, plant, and animal species; 
society has an obligation to encourage 
the research talent needed for this task, 
~d ~o develop it reward it, and recog-
ruze It; 
in this ethically sensitive world, the 
realization that everybody possesses the 
right to a nutritionally adequate diet 
should fasten the attentionoi scientists, 
economists, and politicians on the hun· 
ger in the community; 





be addressed at community, national, 
and internationallevelsi 
the political will for assuring the right to 
food requires that various measures, 
including taxes, be taken to alleviate 
hunger; 
causes of hunger include considerations 
about geography and climate, resource 
abuse, population, poverty, politics, 
trade barriers, colonial legacy, and 
unequal distribution of wealth and in-
come in the world; 
the complexity and consequent neglect 
of agricultural development in many 
parts of the world have resulted in a 
failure to establish a workable system of 
grain reserves. 
Finally, Byron (1988) insists thatthecon~ 
sideration of political means of eliminating 
hunger and assuring the right to food-should 
be accorded a global perspective, transcend-
ing national boundaries. He regrets that 
despite the stated policyofthe United States 
government, figures on the U.s. regional 
allocations to foreign assistance in 1977 to 
1986 indicate that political and military 
considerations are given priority (Table 1, 
which also shows that more funds are all~ 
cated to foreign assistance in the Middle 
East, Europe, Asia, and Latin America than 
to Africa). 
Mellor (1988b) regards it as an assault 
on the ethical standards, fairness, and jus-
tice of Americans that (1) farmers in Amer-
ica are paid to reduce food production, while 
at the same time uneconomically large sur-
pluses are held at high cost when people in 
developing countries are suffering from 
hunger, and (2) scientific capacity for food 
production is lacking in food deficit coun-
tries and is excessive in food surplus coun-
tries. He observes that the continuing in-
consistency between ethical principles about 
food production and the reality offood needs 
jn developing countries is due to political 
and technical reasons. The technical reason 
arises frominstitu tional difficulties in trans· 
ferring food from one country to another 
with poor facilities for movement. The 
political reason is related to the problem of 
whether developed countries are really 
committed to meeting the needs of poor 
Table 1. Regional allocation of U.S. aid: 1977-86. 
Annual allocation in constant dollars (millions) 
Region 1977 1980 1983 1986 
Latin America 689 (6.8)r 711 (7.9) 1,474 (12.0) 1,714 (14.5) 
Asia 2,209 (21.7) 1,656 (18.4) 1,864 (15.2) 1,840 (15.6) 
Middle East 5,488 (53.9) 4,394 (48.8) 6,029 (49.2) 5,475 (46.4) 
Europe 1,078 (10.6) 1,115 (12.4) 1,745 (14.2) 1,843 (15.6) 
Africa 724 (7.1) 1,122 (12.5) 1,149 (9.4) 919 (7.8) 
Total assistance 10,187 (100.0) 8,998 (100.0) 12,261 (100.0) 11,791 (100.0) 
"Soura!: Byron (1988) who cites the Select Committee on Hunger, U.S. House of Representatives 
(NoYell\ber 1986) 
1. Figures in parentheses are peroentages for each year indicated. 
countries, since policy and action depend 
more on narrow concerns of national self-
interest than on ethics. There is also the fact 
that humanitarian organizations do a lot to 
provide food for the poor in time of need 
andt- Sometimes, the developing countries 
are concerned about the adverse effects of 
food aid on local food prices and domestic 
production. MeUor calls for priority to be 
given to scientific research to increase pro-
ductivity, income, and employment, while 
at the same time taking action on the redis-
tribution of scientific research resources in 
the world to reduce the monopoly by devel-
oped counbies. 
Of relevance in considering the politi-
cal, ethical, and socioeconomic implications 
of agricultural development through the 
support of agricultural research in develop" 
ing countries by foreign assistance · from 
developed countries are three recent papers 
by Mellor (1987), K. Anderson (1987), and 
Jacobs (1981). Mellor (1987) emphasizes the 
need for developed countries to be commit-
ted to supporting developing countries 
through investments in research and rural 
development, since this usually results in 
increased income and more employment 
opportunities. He argues that the increase 
in food. output in developing countries does 
not generally reduce food imports at early 
stages of deyelopment when the contn'bu-
tion of agriculture to GOP and the demand 
for food are high. Consequently, the usual 
fear by farmers in Australia and developed, 
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food~xporting countries that foreign aid in 
support of agricultural research threatens 
their market for basic staples is unfounded. 
K. Anderson (1987) Similarly observes 
that the fear that agricultural growth in de-
veloping countries reduces their agricul-
tural imports and is consequently against 
the interest of agricultural exporting coun-
tries, such as Australia, is unfounded. He 
argues thatwhendueconsideration is given 
to the effects of technical assistance in agri-
cultural research on developing countries' 
agricultural supply, increased per capita 
income, and demand for agricultural and 
other products, such assistance may be 
beneficial to the donor for several reasons. 
Firstly, such assistance to developing coun-
tries is motivated. not just by economic bene-
fits from trade expansion but also by hu-
manitarianreasons. Secondly, benefits may 
accrue to the donor as well as the develop-
ing country, where the financial assistance 
to increased food production results in the 
processing and marketing of agricultural 
products. Finally, foreign assistance may 
engender political stability, with related 
desirable results. 
It is often not appreciated by African 
leaders that donor countries face political 
pressures at home to curtail foreign assis-
tanceto developing countries because of the 
fear of competition and reductioninagricul-
tural trade, and that donors may also have 
political reasons for providing or not pro-
viding assistance to agricultural research 
and development programs in developing 
countries when this is against expressed 
government policy. Such an appreciation 
would make many of them realize that sus-
tainabili ty of support to research and devel-
opmentinagriculturecannotalwaysbeguar-
anteed when they plan to obtain a large 
proportion of such resources from donors 
through foreign aid. 
Jacobs (1981) also discussed moral and 
ethical issues in exploitation of the tropical 
rain forests, and he quoted passages based 
on the Bible, which gave man the right over 
all other organisms. It is observed that until 
recently no one has seriously questioned 
this claim of man's power over nature. 
ROll tIey (1980) is quoted as having observed 
that "it is not possible to provide criteria 
which justify, in the sharp way standard 
western ethics do," the division ''between 
humans and certain other non-human crea-
tures." The pointis made that while hunter / 
gatherers and often indigenous peoples in 
the past utilized the forestina more sustain-
able way as the source of numerous prod-
ucts, now these forests are exploited mainly 
for timber from a few species. Since colonial 
times, many of these operations have been 
centralized, and the trend continues even 
after independence because forest poHcy is 
decided in the capital city. Theexploitation, 
plunder, and corruption continue as, for ex-
ample,in [ndonesia, where Japanese, South 
Korean, Taiwanese, and Italian companies 
have been awarded concessions to continue 
their operations. 
Failures in following established eco-
logical guidelines for forest management 
have been noted, and the damage done by 
man to nature in the name of development 
activities documented by Thomas (1956), 
Farvar and Milton (1972), and Eckholm 
(1976). It is also noted that even in foreign 
aid and technical cooperation development 
projects, a considerable amount of environ-
mental damage is allowed to be perpetrated 
by immense financial and political interests. 
It would appear that development now gives 
priority to the explOitation of natural re-
sources for immediate profit, with no con-
cern about the future and the adverse ef-
fects. 
Several publications stress the need for 
a more global outlook in sustainable agri-
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cultural development, and for changes tha t 
reflect the trend towards greater interde-
pendence and a global economy (Swami-
nathan 1988, Rome Forum 1986, IMC 1988). 
The Rome Forum report stressed the need 
for sustainability in agriculture to be given 
priority from a global viewpoint, aimed at 
sustainable food security. It stressed that 
efforts to achieve this should blend (1) the 
universal features arising from basic human 
rights and obligations, and (2) the unique 
features that cater for specific cultural, eco-
nomic, and ecological conditions, among 
countries and within differentregions in the 
same country. It stressed that there should 
be no compromise in the basic principles on 
• sustainable livelihood security; 
• national and international economic 
policies that influence agriculture and 
related activities to be based on prin-
ciples of long-tenn economic and eco-
logical considerations; and 
• government to promote participation 
of farmers in formulating and imple-
menting agricultural development 
plans. 
The Forum called for the restructuring of 
institutions to ensure a higher degree of 
horizontal coordination among diverse ac-
tivities in land use, water supply; and man-
agement, in addition to providing for 
people's participation. Other recommenda-
tions listed inel ude the need for 
• a farming systems perspective; 
• more knowledge-intensive fanning 
systems; 
• greater care in choice of technologies; 
and 
• a priority program for Africa. 
All these indicate a growing interde-
pendence in the new world economy ana 
the need for developing and developed 
countries to work together. As Bravennan 
(1988) conduded "selfishness and lack of 
vision in the short run may result in long-
run regret for all parties. This challenge in 
cooperation, in particular in its agricultural 
domain, is the noblest cause for our species, 
since by sharing burdens and distributing 
economic power, we also may eliminate 
hunger and starvation from the face of the 
earth." 
Bravennan(1988) observed that during 
the last 25 years, tremendous changes have 
converted national economies, linked in the 
past by relatively small amounts of interna-
tional trade, into fully integrated interna-
tional capital markets. These changes were, 
in tum, the culmination of major techno-
logical changes in (1) communication and 
information transfer, induding the com-
puter and satellite technologies, and (2) new 
fast transportation technology, all of which 
have not only made instantaneous financial 
transactions possible but have also rendered 
movement of goods and services from one 
part of the world to another very rapid. 
These major changes, their implications on 
developing countries' agriculture, and the 
actions needed to stabilize the world econ-
omy, so as to usher in an era of agricultural 
growth in developing countries, can be 
summarized as: 
• Greater integration of national econo-
mies than in the past, making them more 
dependent on trade and thus more open 
to the forces of the international econ-
omy. The overall result is that national 
economies are much less influenced by 
domestic policies. 
• Change from a fixed exchange rate to a 
system of block floating since 1973, so 
that changes in monetary policy in the 
United States that affect interest rates 
also cause changes in competitive ex-
port sectors in foreign markets, with 
agriculture as the trade sector bearing 
the burden of adjustment to changes in 
domestic monetary and fiscal policies 
and thus experiencing large shocks 
when the two poliCies contradict each 
other. 
• Marked increase in monetary instabil-
ity, which has increased adjustment 
problems in domestic economies, with 
the result that countries undergoing 
adjustmentto lower exchange rates are 
marketing commodities at lower prices 
but experience high import prices, 
which often make it difficult to obtain 
the inputs needed to sustain agricul-
tural productivity. 
• The international debt crisis otthe 19805 
in developing countries, resulting from 
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a misguided urge to recycle surpluses 
from petrodollars by borrowing on easy 
tenns. These very heavy debt burdens 
of developing countries also reflect the 
impact of the U.S. domestic monetary 
policy on other countries, and the fact 
that lack of coordinated monetary and 
fiscal policies causes instability in ex-
change rates with very adverse effects 
on agriculture, which then fails to func-
tion as the engine of growth in develop-
ing countries. 
• Trade barriers and subsidization of 
agriculture in the United States, Japan, 
and the European Economic Commu-
nity, which has resulted in low com-
modity prices, thus shifting terms of 
trade against commodity prices in de-
veloping countries. 
• The need for developing countries to 
reverse an urban-bias in price, trade, 
and in vestment policies and coordinate 
it with appropriate domestic macro-
policies and reforms in marketing and 
distribution, so as to offer adequa te price 
incen ti ves to farmers and boost produc-
tion and marketing of export crops and 
major staples sold locally. 
That review is by no means exhaustive, 
but serves to confirm the widespread con-
cern about environment and sustainability 
in all aspects of resource management and 
development activities. Nearly all of those 
viewpoin ts call for a change of attitudes and 
ethics, which Gabel (1979) defined as "the 
acknowledgement of interdependence". 
With this background on global aspects of 
sustainability, it is in order to focus on the 
African problem. 
Many of these issues are not on the 
research agenda of the IARCs, but they serve 
to emphasize the greater role national insti-
tutions have to play in sustainable agricul-
tural development. They also serve to 
emphasize the need for the CGIAR to give a 
higher priority to finding ways for commu-
nicating with African heads of state and/or 
policymakers at regular intervals of at least 
once a year. This can be done through a 
special presentation to policymakers, which 
could be arranged under the auspices of the 
Organizationof African Unity/Scientific and 
Technical Research Council (OAU/STRC). 
As an Adviser to UTA, the former Head of 
State of the Federal Republic of Nigeria 
General Olusegun Obasanjo (Rtd) can play 
a more specific and effecti ve role in facilitat-
ing such dialogue and information transfer. 
Where African policymakers have a better 
understanding about the global, regional, 
and national implications of sustainability, 
they will be more effective in formulating 
policies and determining priorities in agri-
cultural research and development. 
Scope and Complexity 
of Sustainability Issues 
A reference to Davis and Schirmer (1987) 
clearly shows the complexity and the wide 
range of topics that are considered under 
sustainable agriculture. These include (1) 
sectoral activities, such as agriculture, for-
estry, fisheries, and livestock; (2) resource 
management issues, dealing with soils, land, 
natural resources, and watersheds; (3) envi-
ronmental problems, such asdesertification, 
soil degradation, salinization under irriga-
tion, and loss of genetic diversity; (4) insti to-
lion building and hllmanresourcescapacity 
development; (5) roles of government and 
the private sector; and (6) agricultural re-
search, extension, and infonnationmanage-
ment. All these strongly indicate that sus-
tainability in agricultural production and 
development impinges on various aspects 
of natural resources and environmental 
management and calls for a multidiSCipli-
nary approach, necessitating interaction 
among physical, biological, and socioeco-
nomic diSCiplines in planning, policy for-
mulation, and research and development 
activities. 
ldachaba (1987) identified four sources 
of lack of sustainability at different levels, 
including (1) national macroeconomic and 
political environment; (2) the world econ-
omy;(3) the agricul tural sector, and (4) inter-
action between the agricultural sector, the 
macroeconomy, and the world economy. 
Lack of sustainabiHty in growth was seen, 
for example, to produce adverse effects at 
household, community, and food-depend-
ent urban population levels. Disruption of 
foreign exchange at the national level frus-
trates national development acti vities, cre-
a tes uncertainty, and resul ts in lower invest-
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ment in agriculture. Policy issues affecting 
sustainability include (1) the role of govem-
mentthrough parastatals or nationalization 
in agricultural production and development 
activities; (2) problems of political instabil-
ity and their effects on sustainabiJity, as 
reflected in frequent changes in political 
and administrative leadership at the federal 
and state ministry levels; (3) changes in 
institutional management of agricultural 
research and technology development; (4) 
frequent changes in exchange rates and their 
reflection on export crops, input costs and 
supplies, and the problem of barriers against 
entry into international markets of semi-
processed agricultural products; and (5) the 
problem of rural infrastructure and rural-
urban differentials, subsidies, and their ef-
fects on input supplies. Finally, it was ob-
served that outbreaks of pests, diseases, and 
drought also affectsustainability of agricul-
tural prodUction, as well as its interactions 
with domestic and external factors. 
The CGIAR/TAC (1988) report also 
recognized the importance of socioeconomic 
and legal factors in sustainable agricultural 
production. It noted the crucial role of p0-
litical and administrative resources and 
policies; infrastructure, including markets; 
adequate input supplies and credit; institu-
tions for education, research, and extension; 
and land tenure and appropriate or ade-
quate laws and regulations in ensuring 
sustainability, even though the IARCs are 
not in a position to address many of these 
issues directly. The report also reviewed 
physical and biological determinants of 
sustainability, . associated environmental 
hazards, contributions the IARCs are mak-
ingin relation to sustainability, and current 
trends in production systems. Providing 
information on factors that threaten sus-
tainability in various production systems 
being researched by the IARCs,and the way 
these sustainability problems are ~eing 
addressed, the report made recommenda-
tions on what strategies the CGIAR has to 
adopt in dealing with these factors. 
J.R. Anderson (1987) noted the signifi-
cant role the lARCs are playing in increas-
ing food production in developing coun-
tries and emphasized that agricultural re-
search will continue to play its vital role in 
feeding the world in the year 2050 AD and 
beyond. He observed that 'easy gains' in 
agricultural production have already been 
made,butthat(1) the growing concern about 
environment and sustainability, and (2) 
research to spur technological advances in 
difficult and diverse environments, call for 
morepa tience and longer-term investments. 
This is because the research agenda is grea ter 
in scope, complexity, and challenge and 
requires a longer time lag than the nonna} 
10-20 years for a significant impact to be 
made. He pleaded that developed coun-
tries, such as Australia, have the moral duty 
to continously offer assistance to humanity 
with professional expertise and foreign 
assistance in support of agricultural research, 
which has been proven to yield significant 
returns in the developing world. 
Territorialism and the Frontier 
Model: Background to African 
Agricultural Development 
The concept of territorialism in animals has 
had a lot of influence in the biological and 
social evolution of man and other organ-
isms, especially birds, fishes, and mammals. 
Certain aspects of territorialism are respon-
sible for the ethical, political, and cultural 
problems being encountered globally and 
regionally in Africa today. Territorialism 
operates in such a way that individual ani-
mals or a group of them usually live in a 
fixed geographical area, and the individual 
or group is usually able to defend the terri-
tory against intruders. Outside the terri-
tory, the individual organism threatens the 
territory or territories of others and this may 
result in a lot of friction. The evolution of 
territory minimizes friction and aggression. 
Various aspects of problems of the territo-
rial imperative in human societies are the 
cause of the moral, ethical, sociological or 
cultural problems in sustainable develop-
ment. 
The idea of territory is well developed 
in human societies with respect to land, 
home, and property, and it is the cause of 
fights among individuals or groups and, 
since civilization began, wars between or 
among nations. The territorial imperative 
in man is very well developed and usually 
follows the physical law that nature abhors 
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a vacuum. Consequently, mankind exhibits 
a propensity for establishing territorial 
control over others not only geographically, 
but also in materials and property, ideas, 
ideology, management. and in various fields 
of opportunity where a vacuum exists. In 
mankind's struggles for territorial controlof 
wealth, materials, ideas, etc., which give us 
power and influence over others, laws and 
codes of conduct exist only at the household 
and national levels. No such laws or codes 
of conduct exist that are universally re-
spected at present at the intemationallevel. 
Even so, many environmental issues are not 
covered, and the possession of material 
wealth, money, and political power may 
give one the right to override any rules or 
codes that exist. For example, though a law 
of the sea has been passed by the United 
Nations, there are not many laws in re-
source and environmental management that 
are effectively enforceable by the interna-
tional community. This is also the reason 
why,intheexploitation of natural resources 
worldwide, it is always difficult to control 
the behavior and activities of multinationals 
and other powerful vested interests, espe-
cially in environmental matters. 
One may wonder how this is connected 
with sustainable agricultural development 
in Africa. The concept of territorial impera-
tive has been known to operate in agricul-
tural development since prehistoriC times in 
many parts of the world, based on the 
moving frontier concept of Turner (1962). In 
this regard, the moving frontier is defined as 
the temporary boundary of an expanding 
society at the edge of substantially new lands. 
It is a concept developed in North America 
in relation to the western expansion of Euro-
peans. But it operated locally between pio-
neer fanners and hunter/gatherers or pas-
toralists and cultivators in many parts of the 
world. Various events that may result atthe 
end of the moving frontier are listed in Table 
2. Alexander (1977) maintains that there is 
archaeological evidence of the end of the 
moving frontier in many parts of the world. 
Twenty-eight of these complexes have been 
discovered worldwide, and the six of them 
located in Africa consist of two in the tem-
perate zone and four in sub-Saharan Africa 
(Table 3). It is rather interesting that in the 
more temperate areas, the one involving a 
Table 2. Consequences at the end of a moving frontier between farmers and 
hunterl gatherers. 
Fanners 
A. Partial migration to new region if new domestic 
plants and animals are available. 
B. Land seized from neighbors by warfare. 
C. Develop new farming technologies either for intensive 
use of existing, or for previously disregarded, land. 
D. Increased and specialized 
exploitation of wild resources. 
E. Voluntary restriction of population. 
F. Development of sociological 
devices for absorbing time and energy. 
Source: Alexander (1977). 
Hunter/gatherers 
Isolation or development of 
state frontier. 




[solation or development 
of static frontier. 
Table 3. Estimated end of the moving frontier between farmers and hunterl 
gatherers in Africa. 
Agricultural complex 
A. Tropical Africa 
1. Tropical seed growing 
complex 
2. Yam-oil palm complex 
3. Camel (pastoral) complex 
4. Cattle (pastoral) complex 
B. Temperate Zone 
S. Wheat/barley complex 
Region or Area Estima ted end of 
the moving frontier 
a) Western savannas 
b) Eastern and southern savannas 
West and Central forests 
West, semi-desert 
a) Western savannas 
b) Eastern savannas 
a) Mediterranean coast and Ethiopia 









6. Cattle/sheep (pastoralism) a) Central and southern Saharan fringes 
Extreme south, subtropical zone 
3000BC? 
1000 AD complex b) 
Source: Alexander (1977). 
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wheat and barley complex and a cattle/ 
sheep / pastoralism complex occurred with 
the arrival of Europeans in South Africa 
about 1910 AD. While the Zul us and others 
were defeated then, the problems arising 
from this clash of territorial interests be-
tween South Africa and adjacent states 
continue to be a cause of destabilization in 
the area. In both Central and Eastern Africa, 
European settlements brought about some 
shifts and adjustments of the moving fron-
tiers, and it is only after independence that 
measures have been taken to seek redress 
through land reform. Also, it is only in those 
areas in Africa that land reform through 
land redistribution has been successful, 
except in the case of countries like Egypt. 
Before the coming into Africa of Euro-
peans and of Islam, the moving frontiers 
had ended between a tropical seed-growing 
complex in Western Africa and hunter/ 
gatherers in the savanna areas at about 2000 
BC,andineastemandsouthem.savannasat 
about 1000 AD. The latter accompanied the 
spread of 'bantu' languages sou thward from 
West Africa. The end of the moving frontier 
occurred between a cattle pastoral complex 
and cultivators in the western savanna areas 
at about 1000 AD. This is the area now 
occupied by Fulani pastoralists after the 
Moslem conquest and in East Africa, the 
areas eccu pied by the Masai and other 
groups. "The coming of Islam and the Euro-
pean intrusion into Africa and colonialism 
caused changes in the consequences of the 
end of moving frontiers, since intrusion of 
pastoralists into areas occupied by cultiva-
tors and vice versa.! following the establish-
ment of colonial control in many places, 
allowed movement of various peoples into 
areas previously barred to them. Even 
though there had existed symbiotic rela-
tionships among various groups within 
artificial boundaries created during the co-
lonial era, two decades after independence, 
these changes still constitute the basis of 
frictionamongvariousincompatiblegroups, 
as a result of religious, ideological, ethnic, or 
other causes. It is, therefore, not surprising 
that because of these there has been marked 
political instability and military rule in 28 
African countries, in addition to several wars, 
some of which continue to cause civil strife 
in Ethiopia, Northern Africa, the Sudan, 
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Angola, Uganda, Mozambique, and Na-
mibia, and refugee problems. Civil strife in 
Mozambique, Angola, and Uganda has led 
to neighboring, otherwise peaceful coun-
tries, such as Malawi, Zaire, and Tanzania, 
being saddled with 600,000; 338,000; and 
266,000 refugees, respectively (U.S. Com-
mittee on Refugees, 1988). It is obvious that 
with such instability and associated prob-
lems, sustainable agricultural development 
would be hard to achieve in many areas of 
Africa. 
This illustrates how political and an-
thropological problems, which cannot be 
addressed by agricultural research, may 
constitute stumbling blocks to sustainabil-
ity. In such situations, research to increase 
and sustain agricultural productivity is 
impossible. In fact, one may venture to 
hypotheSize that the basic sustainability 
problem in Africa is that of developing an 
innovative resource management strategy 
to deal wi th the problems created by the end 
of a moving frontier, where a conservation 
model of agricultural development has 
encountered the law of diminishing re-
turns. 
The frontier concept and territorialism 
fit very closely the models of agricultural 
development put forward by agricultural 
economists. Ruttan (1977) observed that the 
literature of agricul tural economics features 
fi ve general models: 
• the frontier model; 
• the conservation model; 
• the urban-industrial impact model; 
• the diffusion model; and 
• the high payoff model. 
These, according to Ruttan, should be 
supplemented with the induced innovation 
model. 
As Figures 2, 3, and 4 show, the basic 
problem facing African agricul ture today is 
that the end of the moving frontier at the 
individual household, village, or macro-
urbanized town levels has reached the limi t 
of increased productivity that the mainly 
biological innovations of the conservation 
model can contribute to satisfying higher 
demand from a growing population. The 
concentric conceptual framework ap-
proaches that of the von Thunen (1826) 
model, except that instead of the distance/ 
price relationship between the rural farms 
Flgure2. Spatial organliauon ofland useln N'Gayene,Senegal (from Pelissier 1966): (1) houses 
and garden •• (2) permanent culdvatlon. (3) semi-permanent culdvatlon. (4) Intensive shifting 
culdvatlon.and (5) bush and extensive shifting cultivation (after Ruthenburg 197~). 
(2) crop development In relation to soli fertility 
and manure application 
(1) Schematic plan of house and 
associated 1arms. 
• House with gate facing west 
Heavily manu r&d home garden 
Nearby rann less manured 
~'F~'~ Fields with very slight manuring. 
,. .... ,.;>~ less fertility 
No manuring. bush rotation , 
'", Radial system of bush paths 
.; Boundary of fanner's land 
Figure 3. A hou_.home garden and associated cultivated fields In Nangodl. northern Ghana 
(after HUnter 1975). 
I;) :;.~ .' __ 
j,/. ' ~' ~~' ~~~~~j2~l=~~~~~~~~~~~~~~~~~~~~~~:: LL-i ... c 
Figure 4. A typical rural landscape In the Savannah area of West Africa. 
and urban markets; it is the problem of 
relationship between households and the 
locationofinputsuppJies. Population pres-
sure intensifies land use and follows the 
trend of events postulated by Boserup (1965). 
Simply stated, it is a problem ot how to 
increase inpu t levels by utili zing i npu ts that 
are external to the farm or country and the 
lack of capabilities for commanding access 
to inputs or developing technologies that 
can reduce cost, achieve sustainability, and 
enhance the environment. 
In this context, one of the basic prob-
lems of African agriculture is that it is prac-
ticed on highly fragile soils of low inherent 
fertility, where the biological processes of 
fertility maintenance, characteristic of the 
conservation model, constitute the main 
resource management strategy for increas-
ing productivity, but there is a limit to its 
use in ensuring sustainability. The area of 
exploitation of resources that are concen-
trated in the home garden or are used to feed 
the household cantin ues to expand, un til it 
reaches the limit imposed by the law of 
diminishing returns, inresponseto demands 
of increased population pressure. Theonly 
solution is to use external inputs not avail-
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able in the locality or country. But these 
inputs are still beyond what the poverty 
level can permit in facilitating farmers' ac-
cess, as is the case with chemical fertilizers. 
Africans are still to develop al temative tech-
nologies that are cost-effective. Until now, 
this capability is simply not there. 
In many parts of Africa, for example the 
Ukara Island in Tanzania, the Kana close-
settled area and south-eastern Nigeria, high 
popula tion densities of over 400 person per 
km2 have been attained through the conser-
vation model, based on intensive agricul-
tural production systems, using organic 
manures and often also integration of crops 
and livestock. There is a dynamic cycling of 
rna terials and energy in such systems, as is 
shown in Figure 5. With increased popula-
tion growth, however, there is increased 
pressure on the land, associated with con-
siderably high levels of outmigration and 
reliance on nonagricultural activities to 
supplement low incomes. A considerable 
amount of labor goes into keeping the sys-
tem going. If population continues to in-
crease, unless other inputs, such as fertiliz-
ers and labor-saving devices, are introduced, 













_ Percolation and leaching -- - - -...: c -
Figure 5. Recycling of energy and materials in a typical house garden. 
environmental degradation. Of course, the 
system may continue to be maintained where 
a considerable amount of capital and mate-
rials are brought in from outside to stabilize 
the system. 
It is, therefore, essential that in the de-
velopment of sustainable agricultural pro-
duction in Africa the existing systems, in-
cluding the home garden, regulated ley 
farming,coconut! pasture agroforestry sys-
tem, the Asian wet rice system, the commer-
cial tree crop plantations, the banana/coffee 
production system, and the fadama or val-
ley bottom production systems, are studied 
and understood. Based on such studies, the 
various underlying processes that made 
them sustainable can be identified and 
improved upon through research. 
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At the global level, the problem of sus-
tainable development is tha tot how to share 
resources more equitably between the rich 
developed countries that have the economic 
and technological capabilities for tapping 
the world's resources and the developing 
countries that lack these. To arrive at an 
equitable manner of sharing these resources 
presents fonnidable socioeconomic prob-
lems. Whether we appreciate it or not, the 
ethical, moral, legal, political, ideological, 
and other cultural issues, including educa-
tion, which we often ignore, remain at the 
core of the sustainability issues as the world 
becomes more of a global community. Afri-
cans need to get a better appreciation of the 
cultural problems and acculturation stress, 
created by what Mazrui(t986)calls the triple 
heritage, in finding a solution to some of the 
sustainability problems. But problems of 
political instability, resulting from colonial-
ism and the dash of cultures, should not be 
used as an excuse for failure. Instead Afri-
cans should realize that the problem of sus-
tainability in development is largely an 
African problem with global implications. 
It should not be left to the developed coun-
tries to solve. Since, as a result of self-
interest and obvious political reasons, they 
may not go all the way to assist in finding a 
lasting solution, it is basically a political 
problem and African politicians, leaders, 
and scientists should recognize this. There 
is no doubt that developed countries have a 
lot to offer, but ways should be found to 
coax them to do so. Many of these issues are 
not on the research agenda of the lARCs, but 
at least they serve to emphasize the need for 
the CGIAR to give priority to finding ways 
for communicating more effectively with 
policymakers, ministers of agriculture, or, if 
possible, heads of state at least once a year. 
These are issues that African states need to 
understand at both the national and the 
international level in formulating policies 
and programs for sustainable development. 
Resources for Sustainable 
Agriculture in Africa 
Sustainable agricultural development re-
quires a comprehensive or integrated ap-
proach in the policies, planning, conserva-
tion, management, processing, and utiliza-
tion of natural resources. This means that 
sectoral development activities in agricul-
ture (including fisheries and forestry, in-
dustrial and economic development) must 
be integrated in such a way as to minimize 
competition, maximize compatibility and 
sustainability, and reduce the adverse ef-
fects that they have on each other. Conse-
quently, the agenda for sustainable agricul-
ture in Africa must include the rational and 
efficient management of all the continent's 
natural resources in which agriculture is a 
vital component. The natural resources for 
agricul tural production consist of (1) physi-
cal resources (climate, soils, and water), (2) 
biological resources (vegetation, animals, 
and mankind), (3) energy resources (hu-
man, solar, wind, water, geothermal, bio-
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mass, and mineral sources, including nu-
clear energy), and (4) human resources and 
institutions. Most of these resources are at 
least in part renewable. While the earth's 
mineral resources are usually regarded as 
nonrenewable, the soil, a key factor in agri-
cultural production, is classified as renew-
able. This is because where it is not exposed 
to excessive runoff, erosion, and the ele-
ments,itcan be managed in such a way that 
the rate of losses is balanced by the rate of 
soil formation resulting from the interaction 
of such factors as parent material, climate, 
and vegetation during a reasonable length 
of time. The extent to which these resources 
can be sustainably managed depends on 
their amount, quality, location, and availa-
bility, in addition to the strategies and tech-
nologies at our disposal. 
Climate 
This is made up of radiation, temperature, 
wind, and rainfall. Solar radiation consists 
of electromagnetic waves from the sun and 
their intensity, duration, quality, or compo-
sition. Location on earth significantly af-
fects the temperature, wind systems, and 
rainfall. The incident solar radiation in Africa 
varies from a mean of about 330 cal/cm2/ 
day in the rain forest zone, near the coast 
and the equator, to over 580 callcm2/day 
inland, near to the desert margins. The 
lower amount of solar radiation in the rain 
forest zone is the result of cloud cover. Solar 
radiation is the major source of energy for 
photosyn thesis and several processes on 
earth. Where water is available, it enhances 
yields. Thus crop yields are higher in the 
savanna than in the humid areas, where 
sufficient moisture is available but it is often 
cloudy. 
Temperature 
This measures the quantity of heat ina place 
andisdetennined by the position of the sun. 
In January, when the sun is overhead south 
of the equator, me~n temperaturej range 
from about 21-26.5 C to above 32 Cover 
much of southern Africa. In contrast in July, 
when the sun is overhead north of the eq'ia-
tor, mean temperatures range from 15-25 C 
over most of western and central Africa to o 
over 38 C over the Sahara desert. In Janu-
ary, the Atlas region of northern Africa has 
Figure 6. Annual rainialiin AfrlCL 
a cool temperature of 10
0 
C, while in July 
southern Africa has a mean of ISo C. 
Wind 
The wind system very much depends on the 
location of the sun, and a low pressure belt 
or zone moves north or south wi th the sun. 
Winds blowing to the low pressure center, 
when they pass over the sea or rise, bring 
rainfall. Thus high rainfall areas move north 
or south with the winds, and storms associ-
ated with them damage crops. Wind dam-
age can be reduced somewhat with shelter 
belts or windbreaks. The force of the wind, 
on the contrary, can be harnessed to provide 
energy for work. 
Relative Humidity and Rainfall 
High relative humidities are usually en-
countered near the equator, where they are 
often above 80% throughout the year, espe-
ciallyinmuchofZaireand the western coast 
of Africa. High relative humidities make 
the atmosphere stuffy and reduce work 
perfonnance. Inland, and at higher lati-
tudes, humidity varies with season and may 
be below 30% in drier months, especially in 
highland areas. Rainfall, which is deter-
mined by the apparent movement and posi-
tion of the sun,as indicated by the intertropi-
cal convergence zone (lTCZ), varies from up 
to 4000 mm in some areas in the West Coast 
and Central Africa near the equator to less 
than 100 mm in semi-desert, arid, and desert 
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areas of the Sahara and Kalahari deserts. 
Rainfall has great influence on vegetation 
and plant growth. Distribution of rainfall 
over the continent is shown in Figure 6. 
Consequently, areas where the rainfall 
is high have high net annual primary pro-
ductivities of 3000 to over 4000 gf m2 (Figure 
7). Where rainfall is below 500 mm per 
annum, it ranges from below 500 to 1000 gf 
m2• It is in such areas that vegetation is 
sparse and irrigation is necessary for crop 
production. 
As a result of interaction of the above 
climatic elements, especially rainfall and 
temperature,thereare6broadc1imaticzones 
(as shown in Figure 8) consisting of (1) the 
humid zone, where annual rainfall is above 
] 500 mm with over 270 days length of grow-
ing period (LGP); (2) the moist subhumid 
zone, with mean annual rainfall of ]200-
1500 mm and 180-270 days LGP, (3) the 
subhumid zone, with 6(J()..1200 mm annual 
rainfall and 120-179daysLGP, (4) the semi-
arid zone, with annual rainfall of 400-600 
rom and 75-] 19 days LGP, (5) the arid zone, 
with mean annual rainfall of 100-400 mm 
and 1-74 days LGP; and (6) the desert zone, 
with less than 100 mm annual rainfall and 
no wet months for growing any crop (Table 
4). 
Water Resources 
According to FAO (1986c), soil water is one 
of the most limiting factors in the develop-
Figure 7. Net annual primary productivity 
(91m2). 
LGP CLIMATIC ZONES 
'.7: g ~.ert 
1 ~ ~ ~~: )t~tTM ~!~a:~umid 
180 - 269 Moist sub-humid 
>270 Humid 
Major climates: Warm! CooV Cold 
dUring the growing period 
Tropical regions 
Iia Sub-tropical regions. summer rainfall 
lib Sub-tropical regions. winter rainlall 
Figure 8. Main climatic zones In Africa. 
ment of intensive land-use systems. The 
situation in Africa varies from that of some 
countries in the Sahel, with periodiC drought, 
to others as in the east coast of Madagascar, 
with an annual rainfall of about 4000 mm 
and 2-3 months of floods. About half of the 
total surface water of the continent in lakes, 
ri vers, marshlands, ponds, and streams is in 
the Congo basin. About 75% of the total is 
concentrated in the Chari-Logone, Congo, 
Niger, Nile, Ogooue, Sanga, Volta, and 
Zambezi basins. The mean annual runoff 
from rivers and lakes is estimated at 2.5 
million m3 of renewable water that poten-
tially can be exploited for agriculture and 
other purposes. Africa has, on the average, 
excess precipitation over potential evapora-
tion, but there are wide variations between 
the Saheliancountriesand those in the more 
humid areas. For example, the percentage 
of potential evaporation covered by rainfall 
ranges from 151% at Yangambi in Zaire to 
36% at Ouagadougou in Burkina Faso and 
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7% at Tamanrasset in Algeria. There is 
considerable year-to-year variation in rain-
fall in Africa, except in the more temperate 
areas. The duration and pattern of rainfall 
varies from a rnonomodal regime during 12 
months to a bimodal regime of various 
durations to no rainfall at all. Dependingon 
theduration, amount, and reliability of rain-
fall, crop cycles would be matched to the 
pattern of water availability. About a third 
of the continent is under crystalline meta-
morphic rocks, with very little water for 
wells. About 20% is underlain by calcareous 
rocks, with water in places for irrigation and 
other uses. Except for a few areas with silt 
and sandstones, the water table is too deep 
and wells very costly. The best aquifers are 
in alluvial fills of rivers, but river deltas 
along the coasts are too small and the sedi-
ments too fine grained to feed high yield 
wells. The alJuvial valley amounts to only 
100 million ha, and the all uvium tends to be 
shallow. The Sahara basin has very large 
groundwater basins, with similar recharge. 
The cost of extraction varies from high to 
low in a few places. Where it is used for 
irrigation, the water table is lowered. Thus 
Africa does not have large aquifers, with its 
shalJow water table. Only in wetter areas, 
where the water table is high, are wells 
economical for irrigation. FAD studies of 
soil capability, length of growing season, 
extent of coldnazaro, and water availability 
indicate that there is good rainfall in only 
244 million ha (of the total potential arable 
land of 638 million hal, amounting to 38% of 
the potential arable land, while 10% has low 
rainfall, 45% constitutes problem areas, 7% 
is natu rally flooded, and 1 % is desert. About 
18% of the area is suitable for irrigation. 
There are 60 million ha of irrigable land 
where rainfall ranges from 700-2000 mm 
annually, with surplus waterfor small-scale 
irrigation projects (FAO 1986c, d). How-
ever, only limited use has been made of 
water for irrigation and mostof the irrigated 
areas, which amount to only 5% of the 18% 
potential of the arable land, are located in 
Egypt and the Sudan. In many of the areas 
with enough rain, health hazards limit the 
use of highly fertile valley bottoms and flood 
plains. While water is available for domes-
tic, industrial, hydroelectrical, and other 
uses, data aft not available to measure the 
demands and proportion satisfied; only 
Vegetation 
about 6% of the potential hydroelectric: 
power ia currently being utilized. 
Maf or Climatic Constraints 
to Sustalnability 
The major climatic constrains to sustainable 
food production in Africa include: 
• Variability and frequent unreliability of 
rainfall, espedally in semi-arid and arid 
areas (Figure 6). 
• Unpredictable periods of drought, 
floods, and environmental stresses (low 
drought risk, 15%; moderate drought 
risk, 14%; and high to very high risk, 
67%). 
• High soil temperatures that adversely 
affect crops. 
• Ooudiness in humid areas, reducing 
photosynthetic efficiency. 
• Wind and storm damage to crops and 
erosion of soils. 
• Deficiency in rainfall on over S4~ of the 
land. 
• High temperatures and humidity, fa-
vorableto pestsand disease organisms. 
• Problem of desertification in the Su-
dano-Sahelian zone, where rainfall 
deViation from normal exceeds 30%. 
• Too-dry areas--47~. 
Vegetation zones reflect the prevailing climatic and rainfall regimes as follows: 
Cli1tUltic Z~ (Rainfall, mm) 
Humid zone(> 1500mm) 
Moist subhumid (1100-1500 mm) 
Dry subhumid (600-1200 mm) 
Semi-arid (400-600 mm) 
Arid 000-400 mm) 
Desert «100 mm) 
Vegetation 
Tropical rain forest, with high species diversity. 
Evergreen forest, woodland, and derived savanna. 
Paricia-Baay, ospi!'wumt ........ Khaya woodland, treeand shrubgra85-
land, withA~ grasses; BrachysUgiA -Julhemuadillwood-
land (miom bo), with shrub/ perennial grass grassland in cen-
tral! sou them Africa. 
Comlmtum tree/shrub grassland with perennial grasses 
dominant; AcacUI-Commip1wr4 wood land in East Africa. 
Sparse scrub and some perennial grasses present. Aau:ia-
CommipMrIZ woodland in East Africa. 
Very occasional dwarf, thorny scrub with some perennial 
grasses. 
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The agricultural production system and 
c~mmodities produced follow these vegeta-
tion zones such that in the (l) humid tropics: 
tree crops, yams, cassava, cocoyams, ba-
~nas/ plantains are dominant, with forestry 
Important; (2) moist-subhumid tropics: cere-
als (maize, some rice, and sorghum), root 
crops (cassava and yams), with wheat and 
coffee in East Africa; (3) dry subhumid zone: 
maize, sorghum, ground nut, cassava, 
cowpea, rice, tobacco, and some soybeans 
are raised, with some livestock; (4) semi-arid 
zone: sorghum I millet, groundnuts, cowpea, 
and some maize are grown and nomadic 
pastoralism practiced; (5) arid zone: there is 
nomadicpastor~ism involving sheep, goats, 
and camels, With some cattle raised and 
millet! sorghum grown; and (6) desert artQS: 
nomadic pastoralists and hunter I gatherers 
predominate (Table 4). 
According to the World Resources In-
stitute (1988), the total area 01 closed forest 
in Africa is 217 million ha, or 10% of the land 
area, while that of total closed and open 
wooded forest area is 869 million ha or 40% 
of the land area. The annual rate of defores-
tation in Af~ca during 1976-1980 averaged 
0.56%, but In COte d'Ivoire and Nigeria it 
was up to 5.2% annually. Wild life habitat 
loss ranged from 29% in Zambia to 89% in 
the Gambia, up to the year 1986. Since 1981 
there has been a 30% decline in the elephant 
population in Africa, and a 95% decline in 
the black rhino population. The number of 
threatened species of plants that are glob-
ally rare range from where there is no data to 
1 in Niger, 226 in Mauritius, and 1 144 in 
South Africa. ' 
Vegetation Problems 
Tolba (l98~) identi~ied the following prob-
~ems aS~lat~ With the vegetation cover 







loss of vegetation cover and destruction 
of vegetation; 
deterioration of rangelands; 
degradation of rainfed crop lands; 
waterlogging and salinization of irri-
gated lands; 
growth and encroachment of mobile 
sand dunes; and 
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• declining availability of water supplies. 
Related to these problems are the loss of 
genetic diver~ity in plants and animals, 
exposure of solI to wind and water erosion 
extinction or decrease in wildlife, and loss of 
useful plants that grow wild and their prod-
~cts. ~ pressure on vegetation has been 
mtenslfled by the explosion in human and 
~ivest~k n~mbe~, and by humanactivities, 
mdu~mg tncrea~lng intensity of farming, 
dean~and burrung, ~unting,overgrazing, 




ar~very important,in agriculture. Together 
wlth the vegetation and animals they 
~upport, the soils constitute land, a very 
Important factor of production in addition 
to labor and capital. Much of the soils 
covering the 2844 million ha of land in Mrica 
have been formed over andent crystalline 
~ofthepre-Cambrian age, in association 
With small areas of sedimentary rocks and 
others ofvokanic origin. These have formed 
major soil groups, conSisting of Aridisols 
(34.~%), Al1isols (22.4%), Oxisols (22.4%), 
Enttsols (12.1%), Ultisols (4 .8%), and 
Vertisols (1.6%) (Figure 9). Most of these 
soils are highly weathered and of low 
inher~t fert~li~, exceptforyounger soils of 
volcaruc ongm, those found in valley 
bottoms and floodplains, and the black 
I Oxi.al. ArldleG'. 
Figure 9. Soli groups in Africa 
Table 4. Extent of major climatic zone. and land use in Africa. 
Climatic zone Area in LGP(days) Rainfall Land use and constraints 
or region millionha and moisture (mm) 
and per- availabi-
cent lity 
Desert 822.0 0 < 100 Nomadic pastoralists and hunter 
(29.1) Deficit gatherers, camels,sheep, goats. Too 
dry and hot for agriculture, except in 
oasis. 
Arid 844.0 1-74 100-400 Nomadic pastoralists, sheep, 
(17.1) Deficit goats, camels, some cattle, millet and 
sorghum. High animal population, 
overgrazing, and deforestation 
causing soil degradation and 
desertification. Drought frequent. 
Semi-arid 233.0 75-119 400-600 Nomadic pastoralists and 
(8.1) Deficit cultivators, millet, sorghum, cowpea, 
groundnut, some maize. Low 
potential for rainfed agriculture and 
very variable annual rains; nutrient 
shortage (N and P). Low night 
temperatures in dry season limit 
disease but constrain winter season 
cropping. 
Dry subhumid 314.0 120-179 600-1200 Zone of arable crop production-
(11.0) Adequate maize, sorghum, groundnut, cassava, 
oo~a,rice,tobacco,soybean,some 
animals. (cattle, shee£ and goats). 
Declining yields and and 
degradation with fuelwood defici tor 
acute scarcity. 
Moist 584.0 18()..270 1200-1500 Transition zone with cereals 
subhumid (20.4) (maize) and root crops (cassava, 
yam), banana, pineapple, sugar cane. 
Wheat, coffee in East African high-
lands. Severe tse-tse fly infestation, 
which limits exploitation of livestock 
potential. 
Humid 409.0 >270 >1500 Tree crop zone-oil palm, rubber, 
(14.3) Excess cocoa and food crops, yams cassava, 
banana, rice, pineafPle + forest 
resources. Bimoda rainfall 




cotton soils. Except on high mountains and 
the 9% of the soils that are in areas with a 
cold climate, Africa can produce a wide 
range of crops and livestock, as indicated in 
Table 4. 
Soil Related Constraints 
Of all the factors available for agricultural 
production in Africa, soils appear to be the 
most important and limiting. Mrican soils 
exhibit a range of physical, chemical, and 
nutritional deficiencies and other problems 
(Tables 5-7). Their management under 
increasing population pressure constitutes 
a major constraint to sustainability in 
agricultural production. The major 
constraints include: 
• High degree of weathering, sandiness, 
deficiency in clay, high fragility, and 
erodibility. 
• Low values of CEC and rapid rates of 
organic-matter decomposition. 
• High levels of soil acidity and high 







Highly subject to multiple nutrient 
deficiencies under increasing intensity 
of use and shortened periods of fallow. 
Proneness to leaching and high risk of 
erosion under prevailing tropical 
rainstorms. 
Low inherent fertility, with only 19% 
having no fertility limitations while 81 % 
are problematic in one way or another. 
Serious salinity problems under 
irrigation, especially under poor water 
control or management. 
Large areas exhibit physical constraints, 
and 32.2% have various management 
problems (Table 6). 
Large areas exhibit chemical constraints, 
including 45% with low nutrient 
retention, 22.4% with low potassium 
supply, 22.3% with aluminium toxicity, 
13.5% with phosphorus fixation, and so 
on (Table 7). 
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Table S. S oil physical constraints to 
agricultural production in Africa. 
Physicaiconstraint Areacovered Percentage of 
(million ha) total land area 
Steep slopes 244.1 8.6 
Sandy textures 866.4 30.5 
Specific management 
problems 916.7 32.2 
Source: FAO (1986b, e) 
The area of African soils lost as a result 
of unchecked degradation is83.5%. Overall, 
coarse textured soils amount to 19.7%, 
semidesert and desert soils 15.9%, soils wi th 
strong fertility limitations 14.6%, shallow 
soils mostly on steep slopes 13.2%, poorly 
drained soils 5.3%, heavy cracking clays 
3.4%, and salt-affected soils 2.2%. It is 
obvious that Africansoils present formidable 
problems to sustainable agricultural 
development. 
Energy Resources 
Most of the energy in Africa for industrial 
use and transportation, according to the 
World Resources Institute (1988), comes 
from oil. The other major energy source is 
fuelwood. Africa has about 30,600 petajoules 
of oil, estimated to last 29.5 years at the 1986 
production rate, as compared with 214,000 
petajoules for North America. Resources of 
other sources of energy and number of years 
they are estimated to last are: natural gas 
221,400 petajoules for over 100 years 
(compared with 311,000 for North America 
for 15.5 years); coal, 1.84 million petajoules 
for 362 years as compared to 5.6 million for 
313 years, for North America. The African 
hydropower potential is 13,938 petajoules, 
ofwhichonly674petajoules(5%)isinstalIed; 
North America has a potential of 14,695 
petajoules, of which 6582 petajoules (45%) is 
installed. African production and 
consumption of commercial energy in 1986 
amounted to 17,160 and 8102 petajoules, 
respectively. This consisted of 10,501 and 
3421 petajoules of oil, 1792 and 1193 
Table 6. Areas of Iud (in milliollS of ha) eel percentage of area exhibiting different 
kinds of physical constraints in tropical AfriCL 
Region Total land Steep Sandy Specific 
area slopes texture management 
problems 
Sudano-Sahelian 828.2 50.9 295.1 370.2 
Africa (6.0)' (34.9) (43.7) 
Huntid and subhunrid 206.6 15.3 57.S 63.0 
West Africa (7.3) (27.4) (30.0) 
Huntid Central Africa 398.8 11.9 118.1 3S.7 
(2.9) (29.6) (8.8) 
Subhumid and 2S1.0 54.6 . 19.1 S2.2 
mountainous East Africa (20.7) (7.2) (19.8) 
Sub humid and semi-arid .559.2 '9.1 271.4 51.1 
southern Africa (8.7) ('8.2) (9.1) 
Total 2844.0 2~.1 866.4 916.7 
(8.6) (30.5) (32.2) 
Source: FAO (I986b). 
1. Figures In parentheees are percentage!!. 
Table 7. Chemical constraints to agricultural production in AfriCL 
Chemical constraint Land area affected Percent of total 
(in million hal land area 
Low nutrient retention 1295.5 '5.6 
Aluminium toxicity hazard 635.0 22.3 
Phosphorus fixation 382.5 13.5 
Low potassium supply 637.0 22,. 
Soluble salts 75.6 2.7 
Excess of sodium 31.0 1.1 
Excess of calcium carbonate 184.6 6.5 
Sulfate acidity 3.8 0.1 
Source: FAO(1986b). 
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petajoules of natural gas, 4149 and 2772 
petajoules of coal, 674 and 42 petajoules of 
nuclear power production and consumption, 
respectively. The continent's commercial 
energy production amounted to 22% and 
5% of those of North America and the world, 
respectively, and its consumption amounted 
to 9.5 and 2.5%, respectively. If Africa is to 
more equitably produce and consume 
commercial energy in competition with other 
regions of the world, its share of world 
production and consumption should be at 
least about 11 %, which is the percentage of 
world population in Africa. 
The proportion of the total energy 
supply in Africa from fuelwood amounts to 
abou t 80%, and it is estimated to range from 
74% in the Sudan to 96% in Burkina Faso. 
Energy source for agriculture in Africa 
is mainly fromhumanssincemostoperations 
are performed manually. Manual labor 
accounted for 81 % of farm power used in 
crop production, as compared to 16% for 
animal draft and 3% from machines in 1980 
(Grigg 1985, Table 8). 
Table 8. Percentage share of different 
power sources in the total power 
inputtor crop production in 1987. 
Region or Labor Draft Machines 
income level 
Africa 81 16 3 
Far East 64 34 2 
Latin America 56 25 19 
Near East 63 25 12 
All low income 63 35 2 
Source: Kinsey and Ahmed (1983), p. 227, and 
Grigg (1985), p. 161. 
Sustainable agriculture production at 
reasonably high levels of productivity cannot 
be achieved in sub-Saharan Africa unless a 
substantial proportion of the human energy 
used in all phases of production and 
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postharvest operations is replaced by 
alternative sources of energy. Similarly, 
considerable amounts of domestic energy, 
which currently comes from fuel wood, and 
commercial energy should be obtained from 
more diverse sources and African countries 
need to develop capabilities to make this 
possible. 
Energy Constraints to Agricultural 
Production 
One of the major constraints in agricultural 
production in Africa, especially sub-Saharan 
Africa, is the widespread use of manual 
labor and drudgery in agriculture. There is 
limited use of animal power, because of 
parasi tic diseases of livestock in many areas 
and the high cost of mechanization. 
Associated with these is the acute labor 
shortage at peak periods of clearing and 
planting, weeding and harvesting. 
Debilitating endemic parasitic diseases 
sometimes render human energy unreliable 
and ineffective, especially during seasonal 
peaks of operations on the farm. As a result, 
timely operations are often not easily 
accomplished. 
Fuelwood in Africa and other 
developing countries is used for (1) cooking, 
(2) water heating, (3) preserving food, (4) 
lighting and heating, (5) drying produce, 
and (6) social and ritual purposes. As 
fuel wood supplies become scarce, it creates 
serious problems for women who are already 
burdened with the following responsibili ties: 
• home production roles, induding time 
spent in food processing and 
preparation; 
• child care and care of members of the 
household, who are otten ill, including 
self; 
• fuelwood collection and gathering 
various things from the wild; 
• household income-generating activities, 
suchas those involving self-employment 
in crafts and trading orin services, petty 
skilled work on construction sites, and 
carrying of materials for the well-to-do; 
• social activities, such as burial 
ceremonies (Figure 10). 
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FIgure 10. Division of labor between men and women (after Clarke 1987). 
For more detailed information on the 
multiple roles of women in agricultural 
production, health care, and other activities 
refertoFA0(1982),Hoskins(1983),Cecelski 
(1987), Clarke (1987), and Leslie et al. (1988). 
The problems faced by women arise from 
Symptoms or effects of wood scarcity 
• Use of bushes, twigs, and roots as fuel 
• Use of residues, fuels for cooking 
• Walking long distances to collect fuel 
• Cutting living trees 
• Use of carts/animals to collect fuel 
I Purchasing fuel 
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the change in the time they ha ve to devote to 
several activities in the traditional division 
of labor between the sexes in rural 
communities. Details about this, in terms of 
symptoms and associated work schedules, 
are shown below, based. on Cecelski (1987): 
Increased work for: 
Women, children (gathering, preparing) 




Women or men (depending on who 
provides cash) 
Time spent by women in fuel collection 
in different regions of the developing world 
is shown'n Table 9. As more time is spentin 
collecting fuel wood, women and children 
are especially pressed for time required to 
accomplish other necessary tasks. 
Consequently, apart from energy loss and 
drudgery, they suffer stresses of various 
kinds. Fuelwood scarcity often also 
adversely affects nutritional status and 
health as it results in the following: 
• less cooking; 
• more eating of raw or undercooked 
foods; 
• more eating of reheated or stale foods; 
• less eating of fuel-intensive foods of 
higher biological or nutritional value 
(beans, grains); 
• more cooking with smoky fuels; 
• 
• 
less space heating; and 
less washing with hot water (Cecelski, 
1987). 
Less cooking of meats containing eggs or 
reproducti ve structures of intestinal 
parasites or pathogens also adversely affects 
health. 
Human Resources 
Sustainable agricultural development 
depends a lot on the number of active, 
healt~, well-fed, educated/and well-trained 
individuals, who are adequately provided 
with the basic needs for food, water, 
sanitation, clothing, and shelter. In addition 
to raising the level of general education 
among the populace, there should be 
Table 9. Number of hours spent by women in fuel collection and other activities. 
Country Agricul- Non-agri- Fuel Other! Total 
tural cultural collection hours 
work1 work1 and cooking worked 
Indonesia 
Irrigated village 2.9 0.2 1.5 6.9 11.5 
Upland village 3.1 0.5 2.4 6.0 12.0 
India 
Average of five villages 3.9 4.0 4.B 0.9 13.6 
Ghana 
Savannah village 1.3 2.7 5.0 5.0 14.0 
Fishing village 2.0 6.3 3.6 2.1 14.0 
Forest village 3.8 0.3 4.1 5.B 14.0 
Mozambique 
A verage of four villages 3.1 0.1 1.8 9.0 14.0 
Peru 
Coastal desert 1.4 2.0 2.2 5.6 11.2 
Sierra 4.0 1.0 3.8 2.4 11.2 
High sierra 4.0 2.0 2.9 2.8 11.7 
Source: Tinker (1982). 
1. Family subsistence, wage employment, and livestock raising. 
2. Crafts, food processing, and trade. 
3. Clearing, child care, !IOclal, community and religious activities; for Ghana, travel time also included. 
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adequate numbers of technically qualified 
and experienced staff in research, extension, 
and agribusiness to ensure not only the 
staffing of the necessary institutions, but 
their sustainability. In Africa, there are high 
levels of illiteracy (over 70%) among farmers 
and poverty is pervasive. Overall, there is a 
deficiency in the human condition, not only 
with respect to poverty and malnutrition, 
but also because of the prevalence of many 
endemic debilitating parasitic diseases, 
including malaria, schistosomiasis, 
trypanosomiasis, onchocerciasis (river 
blindness), filariasis, and intestinal parasites 
in some areas. Areas affected by some of 
these parasi tic diseases are shown in Figure 
11 . 
Details on the problem of hunger in 
Africa have recently been reviewed by Ohse 
(1988) who, in addition to diseases, pointed 
out inadequacies in food production, 
traditional production systems, the peculiar 
problems of women fanners, ecological 
problems, weaknesses in transportation and 
communication, political instability, and 
deficiencies in policies. A comparative 
review of the basic human needs in relation 
to public health and nutrition in developing 
countries by Kaneko and Nidaira (1988) 
identified African countries as lagging 
behind in the levels of basic needs, especially 
with respect to hea1th, nutrition, and 
economic development. Kamarck (1988) 
also reviewed the human condition in Africa 
and noted that 29 of 34 countries among the 
world's poorest are in Africa. He observed 
thatsince1960theaveragestandardofliving 
has fallen, while output has grown slowly, 
stagnated, or even dropped, and the rate of 
population growth has accelerated. While 
twenty years ago African exports accounted 
for 17% of the world's total, now they amount 
to only 10%. Table 10 shows that, with the 
exception of tea, Africa's contribution to the 
world's export crops has declined. 
Africa, according to FAO (l986e), had 
an estimated population of 572 million in 
1986, but the World Resources lnstitute 
(1988 )reported the population is now above 
626 million. This is projected to rise to 872 
million by the year 2000; a verage annual 
growth rate is about 3.2%, the highest in the 
world. Where population is growing very 
fast and agricultural and industrial produc-
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Table 10. Africa's share of the world's 
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tivity remain low, there is usually malnutri-
tion and poverty. This does not make for 
sustainability. Various indicators of the 
human condition, which attest to these, are 
presented in Annex 1. The overall institu-
tional deficiencies and associated socioeco-
nomic problems affecting sustainability in 
agricultural production are discussed next. 
Institutional Issues 
Ruttan (1977) observed that the level of 
productivity achieved in the developed 
countries is not yet within reach of most 
developing countries. This is because the 
developing countries have not yet made 
adequate investments on the physical and 
institutional infrastructure necessary for 
realizing the new productivity potential 
opened by advances in technology, which 
can be generated in relation to their specific 
resource endowments and level of 
institutional development. The institu tiona] 
elements that interact in the development of 
technology and their adoption by farmers 
include: (1) research and extension; (2) 
education and training; (3) land (land, labor, 
and capital); (4) agricultural institutions for 
credit, cooperatives, marketing and pricing 
FAO Irrlgalion ana 
Drainage Paper 41. 
Dislribullon of S. ha.maloblum 
Tsets. fly bllt, 
Geographical aiSlrbution of onchocerciasis. 
rza S. mansonl 
liD S. inlercllliltum 
Dlatrlbutlon of S. mansoni and S. intflrcalstum 
G T. b. gamblln,. 
R T, b. rhodellan •• 
African human trypanosomiasis: distribution of foci 
-Ar.awher. malaril transmi-
ssion occurs (1983) 
by WHO Malaria 
Actlon Programma 
(19S5). 
Malarious arias in Africa, 
Figure". 
1988). 
Prevalence of endemic parasitic dlsesses In tropical Africa (Kaneko and Nldalrs 
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policies, and land tenure; and (5) 
nonagricultural institutions, in addition to 
related cultural and political elements 
(Figure 12). 
The most important institutions include 
(1) government and administrative 
insti tutions, (2) research, extension, 
education, and training institutions. The 
importance of government and/or 
administration is due to the fact that it (1) 
provides the ideological umbrella under 
which priorities and development strategies 
are determined; (2) formulates policies for 
land tenure and agricultural institutions; (3) 
detennines the administrative structure for 
the coordination of activities among 
government organizations and agencies; (4) 
ensures commitment to such development 
activities and institutions responsible for 
research and extension, which interact with 
other sectors; (5) plans and provides for 
infrastructural development; (6) allocates 
capital for various institutions and services; 
(7) determines the legal and legislative 
provisions under which various things are 
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relationships with other countries (Stevens 
and Jabara, 1988). 
The political situations in African 
countries do not engender sustainability. 
Factors that hinder sustainability in 
agricultural and economic development 
include (1) the endemic political instability 
of most African countries since 
independence; (2) their heavy debt burdens 
and the associated economic squeeze; and 
(3) the high proportion of the government 
budget being spent on the military. At least 
21 African countries spend more than 10% 
of their budgets and at least 19 of them 
spend 5% or more of their GOP on the 
military (Table 11). Between 1975 and 1979, 
at the 1980 price/exchange rates, annual 
military expenditure peaked at about US$9 
billion, more than50 times the annual budget 
of the CGIAR. Yet many of these countries 
cannot afford to spend upto 1 % of theirGDP 
on agricultural research. Many of these 
countries are also too poor and too small to 
fund adequately and supporteffecti vely the 
development of a full range of institutions 


















Trade policies and 
Price policies 
Source: Modified from Hayami and Ruttan (1985) and Stevens and Jabara (1988). 
Figure 12. Relations between accelerators of social learning and elements ofthe Hayaml·Ruttan 
Model of Induced Innovation. 
33 
As many as 37 African countries have 
populations of 10 million or less (Table 12). 
Other socioeconomic constraints to the 
development of sustainable agricultural 
production systems include the decreasing 
world market prices of major commodities, 
on one or two of which most of these 
countries depend for foreign exchange since 
about two decades ago (FAO 1986a), and the 
lackofenvironmentalconcemandofpriority 
for measures to minimize environmental 
degradation, until the recent concern about 
the dumping of toxic wastes in some 
countries. It is not surprising, then, that 
many of these countries are still unable to 
execute the Lagos Plan of Action or the 
United Nations Special Plan for Africa, to 
which they areofficiallycommilted. Both of 
these plans give priority to agricultural 
development and food production. 
Table 11. MllitaryexpendituTeofA1rican 
countries as aproportion of their 
government expenditure (1983) 
and GDP (1985). 
Category and share (%) 
Proportion of central government 







Number of countries with 
data available 42 






Number of countries with 
data available 27 
Source: Kidron and Segal (1987). 
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Table 12. Population size and number of 
countries in Africa within a 
given population range. 








Source: Grigg (1985) 








Educational and Training Institutions 
Sustainable agricultural development as a 
component of overall sustainable economic 
development requires good educational and 
training facilities not only for imparting 
knowledge in all disciplines, bu t also for the 
acquisition of skills necessary for research 
and development in a scientific culture. 
Education has been regarded as an 
investment in human capi tal, but in Africa, 
many countries are notable to provide good 
educational services, and the deficiencies 
encountered include: 
• inadequate funding and lack of good 
facilities for science education, 
• lack of balance between theory and 
practice, 
• more people trained in the arts and 
humanities than in the sciences, 
• lack of vocational education facilities 
and adult training programs for many 
farmers who are illiterate, 
• method of teaching and curricula not 
adapted to current needs, and 
• lack of textbooks, and deficiencies in 
visual aids for teaching. 
African Agricultural Research and 
Extension Institutions 
Insub-Saharan Africa, research is cond ucted 
in national, regional, and international 
insti tutions. Concern about the African food 
crisis and the failure of research to show any 
impact on agricultural productivity has 
stimulated several papers on African 
agricultural research, including ISNAR 
(1984), Bennell (1986), World Bank (1987a, 
b),ISNAR/SPAAR (1987), Hayward (1987), 
Okigbo (1988a, b), Eicher (1988, 1989). AD of 
these studies conclude that national 
agricultural research systems are weak and 
bedevilled by the following problems: 
• Despite a growth in Africa of over 256% 
in research expenditure (Table 13 )from 
1959 to 1980, and a phenomenal growth 
of 300% or more in the number of 
research workersin many countries over 
1962-1983 (Table 14), no significant 
impact has been achieved in agricultural 
productivity (Table 12), 
• lade of adequate funding, facilities, and 
equipment; 
• low quality of staff, with less than 0.5% 
having Ph.D. degrees, and limited 
experience; 
• deficiencies in management and 
coordination of research; 
• high rates of attrition; 
• universities not effectively linked with 
NARS; 
• poor linkage of research, extension, and 
the farmer; 
• ill-defined priorities; 
• many N ARS still depend on expatriates 
even 20 years after independence; 
• lack of incentives and promotional 
opportunities based on excellence and 
productivity on the job; and 
• considerable amount of human and 
financial resources spread thinly over 
many disciplines and substations in 
small isolated groups, which suffer 
intellectual isolation. 
Many NARS lack the capability for 
taking advantage of technologies being 
developed at lARes. Since the end of the 
colonial era, regional research institutes have 
broken down. There is need for upgrading, 
consolidation, reorganization, sustained 
funding, and provision of incentivesifNARS 
are to contribute to sustainability in 
agricultural development. 
Defidencies also exist in extension and 
communication services. Hayward (1987) 
reported that in Africa from 1959 to 1980, 
more money was spent on extension than on 
agricultural research. Theextensionservices 
often suffer from lack of logistical support, 
low contact hours with farmers due to high 
number of farmers per extension worker, a 
lot of time and effort devoted to input 
distribution, and the more experienced 
extension workers working more from the 
office than in the field. 
Table 13. Global agricultural research expenditure (in thousands of US$,1980), 
Region 1959 1970 1980 Percent changes 
1959-80 
Westem Europe 274,984 918,634 1,489,588 +442 
Eastern Europe and the USSR 568,284 1,282,212 1,492,783 +163 
North America and Oceania 760,466 1,485,043 1,722,390 +124 
Latin America 79~56 216,018 462,631 +482 
Africa 119,149 251,572 424,757 +256 
Asia 261,114 1,205,116 1,797,894 +589 
World 2,063,553 5,358,595 7,390,043 +258 
Source: World Resources Institute (1988), which cites several other sources for this information. 
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Table 14. Full-time agricultural researchers employed by government institutions 
in sub-Saharan Africa, 1962-1983-. 
1983 
West Africa 
Burkina Faso 6 10 125 
Benin 10 16 56 
Chad 10 26 20 
The Gambia 5 5 23 
Ghana 80 140 168 
Cote d'Ivoire 60 110 202 
Liberia 16 14 27 
Mali 15 25 244 
Mauritania 4 7 9 
Nigeria 170 300 986 
Senegal 55 130 205 
Central and Southern Africa 
Botswana 2 33 61 
Cameroon 15 72 153 
Lesotho 2 7 18 
Madagascar 40 70 7S 
Malawi 22 57 106 
Mauritius 30 51 83 
Swaziland 6 12 15 
Zaire 25 66 111 
Zambia 31 81 177 
Zimbabwe 100 172 173 
East Africa 
Burundi 13 24 7 
Ethiopia 12 52 159 
Kenya 40 210 609 
Rwanda 10 16 30 
Sudan 50 128 272 
Tanzania 60 100 341 
Uganda 32 80 154 
Source: Bennell (1986), Table 4; Bennell cites other sources for this informa tion. 
Notes: a. Crops, livestock, and forestry resea rchers in nonuniversity institutions. 
































This review is by no means exhaustive, 
but the weaknesses exhibited in research, 
administration, education, and training are 
also observed inall the insti tutions for credit, 
cooperatives, and so on. Related to extension 
is the fact that despite the explosion in 
information and informatics, there is poor 
communication among research workers, 
and among researchers, policymakers, and 
farmers. Scientists are isolated from the 
global scientific community. 
Sustainability Perspective in 
Strategies for Increasing 
Food Production 
The currentconcem about sustainability in 
agricultural production calls for the adoption 
of a sustainability perspective in the choice 
of strategies for increasing agricultural 
productivity through (1) expansion of area 
under cultivation; (2) increased production 
per unitofland and unitof input; (3) genetic 
improvementof crops and farm animals; (4) 
mechanization and appropria te technology; 
(5) integrated management of pests, weeds, 
and diseases; (6) improvements in, and 
broadening the range of, postharvest 
technologies; (7) better management and 
utilization of forest and range resources; (8) 
improved pasture management; (9) better 
management and utilization of aquatic 
resources; and (10) use of nonconventional 
food production methods, especially with 
regard to opportunities offered by advances 
in biotechnology. A sustainability 
perspective requires that in each of these 
areas 
• greater priority be given to monitoring 
of environmental consequences on a 
short-term and long-term basis, 
• care be exercised in technology choice 
for operations ranging from land 
clearing to harvesting and the 
postharvest phase, 
• the scope of basic or strategic research 
be increased, and 
• a more holistic and systems approach 
be adopted in research. 
Expansion of Area Under Cultivation 
The population explosion necessitates 
intensification of production, greater use of 
land-saving technologies,limitingexpansion 
intomarginallands,and making provisions 
for increasing multiuse pressures on the 
land. The land now under cultivation per 
capita is not lower than in southeast Asia. 
Although FAD (1984) projected that up to 3 
times the 1975 population of 380 million can 
be supported by using the entire cultivable 
land area,by the year 2000 up t029countr.ies 
and 466million people w ill be atrisk because 
of low inputs (Table 15). Moreover, since 
only 28%01 the potential land area issuitable 
for rainled agriculture, the only choice for 
an expansion of the area under cui tivation is 
by using more valley bottoms or 
hydromorphic areas that have a high 
productivity potential for expansion of 
irrigation by small -scale projects and 
Table 15. Critical countries and affected populations in Africa. 
Year Input level Population Number of Populations 
(milliOns) critical countries affected (millions) 
1975 Low 380 22 128 
Intermediate 7 25.5 
High 2 10.4 
2000 Low 780 29 466 
Intermediate 12 110 




by balandng the use of biological (nitrogen 
fixation and mycorrhizal phosphate 
nutrition) and artifidalfertilizers can this be 
achieved. More fertilizers have to be used in 
African agriculture for food crops than the 
14 kg per hectare being used mostly on food 
crops (as compared to 38 kg/ha for export 
and nonfood crops) (Table 16). It is expected 
tha t by the year 2000 expansion of area 
under cultivation would account for only 
22% of yield increases, higher yields for 
51 %, and cropping intensity for 27% (FAO 
1981). More reliableanalysisoffertilizer use 
(espedally ofN and P) is needed,asa basis 
for determining the extent and the 
effectiveness at fertilizer use. Where most 
of the nitrogen is derived from biological 
nitrogen fixation and excess phosphatic 
fertilizers are not used, there is minimum 
danger for high levels of nitrogen and 
phosphorus polJution. 
Increasing Cropping Intensity 
This should receive high priority in efforts 
to save land for other uses. It can be best 
achieved through better management of 
diversity, and through temporal and spatial 
arrangement of cropping patterns. The 
IARCs need to do more work on simple 
rota tions, moni tored over longer periods of 
time, and development of better methods 
for studying both the above-ground and 
underground crop competitions so ·as to 
take advantage of such phenomena as 
allelopathy, wherever possible. Also needed 
here are studies of the physiology and 
ecology of crops under field conditions. 
Genetic Improvement of Crops 
and Livestock 
Genetic improvement of crops facilitates 
increased yields; developmen t of varieties 
resistant to environmental stresses, pests, 
and diseases; adaptation of culti vars to 
Table 16. Estimated fertilizer used per year during 1979-81, In terms of fertilizer 
nutrients. 
Total quantity Quantity of fertilizer 
of fertilizer used (kg/ha) 
used (100m.t.) 
Re gion of Africa Export.nd Food 
nonfood crops crops 
Mediterranean and arid 1218 92 71 
North Africa (57.1%) 
Sudano-Sahelian Africa 117 59 2 
(5.5%) 
Humidandsubhumid 251 14 5 
West Africa (11.8%) 
Humid Central Africa 47 19 1 
(2.2%) 
Subhumid and mountain 139 35 4 
East Africa (6.5%) 
Subhumid and semi-arid 361 89 14 
Southern Africa' (16.9%) 
Total 2133 38 14 
Source: FAO(1986a). 
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Table 17. The economic and social impact of animal diseases in Africa. 
Mortality Rinderpest, tick·bome diseases, 
trypanosomiasis. 
Lowered Productivity 
(a) Infertility Malnutrition, brucillosis 
(b) Loss of weight Malnutrition, distomatosis, gastro-in testinal 
parasites, ticks. 
(c) Loss of draft power Malnutrition,distomatosis, gastro-intestinal 
parasites, ticks. 
Denial of Land Use 
Denial of Export Markets 
TtypanOSOmiasis. 
Rinderpest, foot·and-mouth disease, contagious 
borne pleuropneumonia. 
Impairment of Genetic 
Improvement Programs 
Tick-borne diseases, streptothricosiS, 
foot-and -mouth disease. 
Source: Tro""g ConsuJtanlll Ltd. (1986) and Odhlambo (1968). 
mechanization and different production 
systems; enhancement of quali ty; and 
development of cultivars that are more 
efficient in the utilization of resources or 
inputs and that meet the changing needs of 
consumers and producers. TARCs should 
assist NARS to gain access to some of the 
emerging potentialities of biotechnology. 
Genetic improvement also contributes to 
integrated pest management, and reduces 
losses from parasitic diseases of livestock 
(Table 17). Thereisstill alotofunderutilized 
potential in the genetic improvement of 
indigenous African crops and the 
introduction of exotic germplasm. 
Mechanization and Appropriate 
Technologies 
In sub-Saharan Africa, the extent of land 
area mechanized rangesfromaslow as 1.4% 
in the humid Central African countries toas 
high as 36.3% in the mediterranean North 
African area (Table 18). Mechanization is 
vital in reducing drudgery, getting more 
young people into farming, achieving 
timeliness of operations, and addressing the 
shortage oflabor at peak periods of demand. 
There is need for giving special attention to 
the needs of women, especially in the 
postharvest phase, and encouraging the 
trainingofcrewsofyoungermenand women 
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for running private equipment hiring 
services, which can provide various services 
and engage in the fabrication and 
maintenance of simple equipment. More 
attention should be given to the 
environmental effeclson Iand,air,and water. 
More efforts should be made to study 
alternative energy sources and the benefits 
derived,as opposed to the disadvantages in 
their use. 
The following cogent conclusions and 
observations on mechanization in Africa 
from Pingali et al. (1987) should be given 
due consideration in programs aimed at 
increasing the replacement of human labor 
by machines and/or animals: 
• The transition from the hand hoe to the 
animal-<1rawnplowisonlyprofitableat 
higher intensities of farming. 
• The substitution of mechanical tillage 
for hand tillage has a minimal effect on 
yields. 
• !tis not unusualforfarmers to persistin 
the use of hand hoe in some intensively 
cultivated regions, and it has not been 
possible to use the tractor to accelerate 
significantly the evolution of farming 
systems to permanent cultivation. 
Table 18. Use of tractors in different regions of Africa in 1982 and growth rate In 
1975-1982. 
Available land area Tractors 
Region of Africa Total culti· Percentage Total Annual Available 
vatedarea mechanized number growth land per 
(I .OOOha) 
Mediterranean and arid 22362 
North Africa 
Sudano-Saheli.n Africa 30588 
Humid and subhumid 38J1I 
Subhumid and mountainous 23875 
Humid Central Africa 14716 
Subhumid and semi-arid 22547 
Total 152099 
Sour<e: FAO (1986.) . 
• In permanent cultivation systems, an 
opportunity sometimes exists for 
replacing draft animals with tractors. 
Whether this transition is cost-effective 
must be analyzed iri each case on its 
own merit. 
• The direct transition from the hand hoe 
to the tractor at the late bush fallow and 
early grass stages is not cost-effective. 
• Two environments in which direct 
transition to tractors may be cost-
effective are valley bottoms and flood 
plains where irrigated or flooded rice is 
cultivated, and the grassy savannas in 
the semi-arid zones. 
• HistOrically, too much emphasis has 
been placed on a self-defeating effort to 
tie biological technology to mechanical 
technology. 
and rate (%), tractor 
% share 1975-82 (ha) 
36.3 162300 4.56 138 
(56%) 
24 15981 4.53 1914 
(5.5%) 
1.8 17120 3.40 2220 
(5.9%) 
2.7 16328 2.02 1402 
(5.7%) 
1.4 5152 5.00 28S6 
(1.8%) 
13.5 71090 1.46 317 
(24.6%) 
8.8 287971 3.52 528 
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• The profitability of animal-drawn or 
tractor-drawn equipment is constrained 
by the length of the growing season. 
Forest and Range Management 
There is a need to give more attention to 
integrated and alternative strategies of 
grassland management that enhance 
sustainability, through such practices as 
game ranching and improved range 
management, which maximize benefits in 
conservation, supply of meat, reduced 
environmental hazards, etc. (Table 19). This 
takes advantage of stratification and 
differential ecosystem use by livestock and 
wild animals (Figure 13). Special attention 
should be given to the management of fire 
and vegetation. More serious attention 
should be given to ensuring that there is no 
overgraZing. since some regions of Africa 
have already exceeded their carrying 
capacity (Table 20). The beneficial effects of 
germplasm conservation and diversity in 



















Figuna 13. Habitat and food pnafefences of animals In the Taranglna Game Reserve (aft.r Lind 
and Morrtson 1974). 
Table 19. Benefits of alternative strategies of grassland management. 
Potential benefits' 
Manageme-nt Meat OaaIage Animal Trophla TourlRn Econ. CoNU\I.d.on h~.rch Disease Employ-
.trategies supply control export .. oIciN d ... ,....'<h am"" "''''' 
None' (0 C (0 (0 C 
Livestock 
ranching N C N N C N 
Game 
pJ'egerves N C C N C C C C C 
National 
parb N C C N C C N C C 
Came 
ranching C C C C N N N C C N 
Source: Knight(1976) . 
1. A 110 w traditional hunting. agriculture, and pastoralism to continue development in grassland areas. 
2- C = Compatible; (0 = Compatible but for limited duration in grassland areas; N = Nah.ual; ] = 
Incompatible. 
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Table 20. Levels of grazing land in different l'egioI18 of Ahica in 1980. 
Sultable Notoullable C1lm!llt Canying MillJonTLU 
Region forgrazing forgrazlng 5Ioddng <apadly under/over 
(million (million level (million stockod 
hal hal (million hal 
hal 
Mediterranean 
and arid North Africa 105.0 495.0 19.5 17.6 +1.9 
(17.5%)· 
Sudane>-Sahelian 530.0 298.0 52.0 44.0 +8.0 
Africa (64.0%)" 
Humid and subhumid 
West Africa (73.0%)" lSO.0 56.3 18.0 38.0 -20.0 
Humid Central Africa 190.5 210.0 5.0 95.0 -90.0 
(47.5%» 
Subhumid and 
mountainous East 196.0 55.0 SO.O 49.0 +1.0 
Africa (78.0%)· 
Subhumid and semi-arid 
Southern Africa (81.5%)· 454.0 105.0 30.0 40.0 -10.0 
Source: FAD (1986a. b). . - Percentage of total1and suitable for grazing 
Note: II current trendsconttnue, by the yar 2010, carrying capadly of range land. will be greatly exceeded In 
North, Sudano-Sahelian, and East Afrtca. 
the maintenance of ecological balance and a 
dynamic equilibrium should be used in 
enhancing the environment. Many 
underu tilized spec;esoffer opportunities for 
domestication and have a multiplicity of 
uses in agroforestry. Intensification ofland 
use usually involves deforestation and 
various land·use alternatives, including 
growing forest plantations, using 
agroforestry systems, or growing row crops. 
Deforestation per se and the various land-
use systems after it are associated with 
varying degrees of environmental 
degradation (Figures 14, 15, 16). In land 
clearing and development, the choice of 
mechanical equipment that is appropriate 
and care in management of the soil often 
determine the extent of erosion and soil 
degradation that results. The main uses of 
forests include supply of wood, recreation, 
minor forest products, pool of germplasm 
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and useful genetic information, potential 
species for domestication, stabilization of 
climate, soil protection, etc. Appropriate 
management strategies should be used to 
maximize these uses. Jacobs (1981), 
Dasmann et al. (1973), and (UCN (1975, 
1980) provide useful guidelines for forest 
exploitation and conservation. 
Better Management and Utilization 
of Aquatic Resources 
Just as with forests, the improved 
management of aquatic resources 
contributes to our food resources, and it can 
feature inintegrated waiershed management 
and development. 
The total fish production of African 
countries in 1979, according 10 FA0(1986c), 
amounted 103.7 million t,ofwhich2.1 million 
1(56%) was from sea fisheries and 1.6million 
I (44%) from inland fisheries. Fish protein 
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accounted for more than 40% of animal 
protein in 10 Mrican countries, and 20-40% 
in another 14 countries. Witha potential sea 
fisheriescatchof8.8million t,onlyS.6million 
tcatch was recorded in 1979,ofwhich Mrican 
countries accounted for 2.1 million t. There 
is, therefore, a lot of opportunity for 
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improvement. Considerable amoun Is of the 
employment opportunities in fisheries have 
not been exploited and, apart from low 
productivity, spoilage is estimated at up to 
50%. The inland water fisheries, (water 
bodies) amount to over 150,000 km', in 
addition to 64,000 km' of brackish water. 
The total inland water fisheries catch of 1.6 
million tin 1979 amounted to 80-84% ofthe 
1.9-2.0 million t potential. FAO (1986c) 
reports that there is room for some increased 
production from better management, new 
fishing methods, better access, and improved 
processing to minimize spoilage. With the 
exception of outboard motors, no really 
improved technology is being used in inland 
fisheries. Problernsofdevelopmentofinland 
fisheries include those of several competing 
water uses for irrigation, electropower 
generation, domestic use, waste disposal, 
etc. Considerable losses in fisheries also 
result from siltation,cieforestation,and poor 
soil conservation wilhin watershed areas. 
The research and development of 
fisheries is mainly the responsibili ty of 
NARS. But since scientific production of 
fish (aquaculture) is still in ils infancy and 
accounted for only 100,000 I of fish in 1975, 
as compared with 340,000 t from rivers and 
streams, this has a lot of potential as a 
component of integrated watershed 
development, in which land use is shared 
with crops and other animal enterprises. 
With the exception of the FAO Regional 
Aquaculture Center at Port Harcourt in 
Nigeria and a few national research 
institutes, no major well-eqUipped and 
staffed institute is involved in fisheries 
research that is conSistently or adequately 
funded and eqUipped to an extent 
commensurate with the potential of 
fisheries' contribution to nutritional well-
being and development. 
Better managementof aquatic resources 
relieves some pressures on the land and 
yields high quality food, with fish being 
increasingly preferred to meat. Many 
aquaculture products are acceptable in 
di fferent societies, butthere are problems of 
pollution by physical and chemical 
contaminants. Aquacul ture organisms 
concentrate pollutants and produce waste 
several times their weight (Gabel, 1979). 
Monitoring of pollutants and prevention of 
diseases is very important in aquacul lUre. 
For a more detailed review of the problems 
of fisheries development in Africa, and the 
advantages and disadvantages of 
aquaculture, refer to FAO (1986b, c) and 
Gabel (1979). 
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Better Managemmt and Improvement 
of Pastures 
Improved nutrition is very important in 
animal production and theuseo£improved 
pasture management techniques, such as 
rotational grazing, useof improved legumes 
and grasses, better fire management, special 
agroforestry systems, etc., promises to 
contribute not only to increased production 
but also to improved environmental quality. 
There is need to use a greater range of 
indigenDus and introduced species in 
pasture improvement, and to find ways Df 
utilizing the higher productivity of the 
Guinea savanna in the fallening of livestock 
initially raised in the drier savanna areas, 
free of many parasitic diseases but low in 
pasture productivity. 
Integrated Pest" Weed, and Disease 
Management for Crop and Livestock 
This offers a lot of opportunities for 
combining compatible mechanical, 
biological,cultural,andchemica1 techniques 
in pest and disease management. It 
minimizes the adverse environmental effects 
Df pesticides, but requires a wider scope of 
basic research on the biology and ecolDgy of 
organisms, and an understanding of micro-
and macroclimatic variables for several 
species of organisms and of other 
environmental factors. Monitoring of 
pesticide residues should be based on the 
understanding of the chemical pathways by 
which these chemicals get to man (Figure 
17). Studies of pesticide residues should be 
conducted in strategic on-site and off-site 
locations that are likely to beaffected. There 
is a need for a major center for integrated 
pest management studies On a wider range 
of crops in Africa. In this regard, lIT A's 
Biological Control Program at Cotonou 
constitutes a good beginning, but there is a 
need to increase training opportunities for 
AfricallS- Experience shows that in this 
linkage with several institutions worldwide 
is necessary. 
PoatharvestTechnology 
and Good Processing 
These are very important in sustainabilityof 
production, since they minimize losses, can 
enhance quality, facilitate storage and dis-
/i81~ld\~ 
Ins.~ vi'S' 
Storage Birds Fish 
( 
Processing 
'" PreS&1'Vstlon ~FOOd 
'f 
Man 
Figure 17. Palhways by which pesticide 
residues geliD man (after Birch at at 19n). 
tribution, especially of bulky commodities 
(such as cassava) that are difficult to handle 
and transport, and increase demand forcrops 
like cassava when they are available in more 
convenienl forms for urban masses and the 
more affluent. More specifically, they pro-
vide opportunities for employmenl and 
income generation through value added 
(Figure 18). The lARes need to increase the 
scopeof postharvest research and give more 
attention to the problems of women and the 
moniloring of environmental hazards in-
volved, on-site and off-site. 
Nonconventional Foods 
An aspect that has high potential is the use 
of biotechnology in dealing with various 
wastes and effluents from processing. It 
could, therefore, be linked with postharvest 
research. 
The Problem of Planning and 
Design in the Development of 
Sustainable Agricultural Systems 
Itisobvious thaldevelopmentof sustainable 
livelihoods and agricultural production 
systems calls for a more holistic and 
integrated approach in all aspects of natural 
resources conservation, management, and 
utilization. This minimizes competition 
among agriculture, forestry, fisheries, 
industry, and other development activities. 
Italso calls formore in-depth understanding 
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of environmental variables,and for focusing 
the production of commodities allocations 
where they are best adapted and have 
economic and ecological advantages. The 
strategy needed involves planning based on 
stratification of environments at macro and 
micro levels, and then developing 
technologies and designing alternative 
management systems within each stratum. 
In most IARCs and N ARS, experience so fi\.r 
shows that more time is devoted to data 
collection, analysis, and preparation of 
reports than 10 planning and designing 
experiments, technologies, and production 
systems to be tested on the basis of previous 
years' results. Sometimes, the following 
year's experiments and studies are started 
before the previous year's data have been 
fully analyzed and implications of the results 
studied. 
MacroleveI Regional Stratification 
This involves the development of 
agroecologicaI management plans, based on 
ecological considerations with respect to 
rainfall regime, moisture availability, and 
related climatic factors, crop physiological 
data, broad soil characterization data, and 
crop dominance and preference criteria, in 
addition to relevantsocioeconomicvariables. 
Oram (1988) has reviewed in greater detail 
what this entails, the various disciplines 
involved, the progress 10 date in related 
research and studies by F AO and some 
lARes, and made suggestions on future 
work. There is need for an exercise of this 
kind in delineating the humid and subhu mid 
tropics of Africa into major benchmark areas 
for different commodities and cropping 
systems, as shown inFigure 19_ Then, within 
each benchmark area, smaller areas can be 
delineated, on the basis of more 
microecoiogical considera tions and 
landscape characteristics, into areas where 
different production systems of interest are 
practiced. lIT A, for example, is still to 
delineate the humid tropics in Africa into 
major agroecological zones that integrate 
physical, biological, farming systems, and 
socioeconomic variables. In such an exercise, 
each benchmark area may further be 
delineated into areas where different soil or 
crop management practices are used for the 
various crops grown. 
Agribusiness Complex 
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Figura 18. Opportunities lor employment and Income In agribusiness [Based on data Irom 
Snodgrass and Wallace (1970), Robbins (1983), and Delano (1983)). 
National-level Planning 
Integrated natural resource management, 
required in sustainable agricultural 
production, necessitates the evolution as 
early as possible of a land-use plan on a 
country by country basis that provides for 
• hunting and tourism; 
• germplasm conservation and special 
reserves; 
• forestry and forest plantations for 
fuel wood and timber; 
• tree crop plantations; 
• special agroforestry systems; 
• agriculture, including fallow; 
• grazing land; 
• urban centers, airports, roads, etc.; 
• industry and related uses; 
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• landscape uses, indudingparksin urban 
areas; and 
• mining. 
This plan could be revised from time to 
time, as needed. While this is notthe concern 
of IARCs, they can advise on policy. It 
should bean exercise in whichNARSplay a 
major role, and it should also involve laying 
down legal provisions and measures to 
ensure compliance. 
Use of a Watershed as Development Unit 
At the microlevel within each benchmark 
area, wa tersheds should be used as uni ts for 
planning and development. This ensures 
lhal different parts of the watershed are 
developed and used according 10 land-
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of commodities and systems of production 
to differen tpartsof the landscape, as shown 
in Figure 20. The landscape is developed in 
such a way that it is demarcated into 
toposequences for use in aquaculture or 
lowland rice at the bottom, rainfed rice and 
cocoyam at the toe of the hill, upland crops, 
agroforestrysystems, and pastures odorest 
atthe top. By this method, commoditiesare 
grown in the locations where they have 
maximum ecological and/or economic 
advantage. IARCscan base more long-term 
and environmental monitoring rotation 
studies on this plan. 
Strategy for Designing New 
Cropping Systems, based on 
Integration of Traditional and 
Modern Systems 
As indicated earlier, the best guideline for 
thedevelopmentof sustainable agricultural 
production systems is for the levelsof inputs 
in high-input systems to be lowered,and for 
those of low-input systems to be raised in a 
cost-effective manner. This involves a 
combination of elements of traditional 
production systems and their component 
technologies that make maximum use of 
biological inputs available locally, with 
affordable elements of the high-input system. 
Table 21lists the various technologies that 
are used in each system from land 
development to harvesting and the 
postharvest phase. Each one ofthesesets of 
technologies has environmental implications 
and consequences in its use. For example, 
mechanical clearing or burning has adverse 
effects on the environment, while certain 
herbicides and methods of weeding may 
promote erosion. Table 22 indicates the 
extent of erosion hazard that is associated 
with each technologyorpracticeatdifferent 
stages of the food chain. This knowledge 
could be used during planning and 
designing to select the alternative practices 
to be tested. 
Need for More Effort In Designing 
Francis et al. (1986) outlined a method of 
planning through progressive biological 
sequencing of differentialcroppingsystems 
that involvedifferent levels of internal inputs 
and external inputs (low-cost, resource-
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conserving elements and high-input 
elements) so as to satisfy farmers' needs in a 
sustainable manner. To use a specific 
example, it is well known that small farmers 
diversify crops in traditional farming 
systems toreduceriskand ensure production 
of cash and food crops. But traditional 
in tercropping systems make the use of such 
inputs as fertilizer, machinery, pesticides, 
etc., often very difficult. The best way of 
minimizing this problem while maintaining 
diversity is to: 
• simplify cropping patterns into simple 
cropping sequences that mayor may 
not overlap; 
• have each area divided into strips of 
land, so that each strip or plot carries a 
given cropping sequence; and 
• at the end of the year, rotate cropping 
sequences among strips (the strip of 
land between twoalley<rophedgerows 
could be used for one cropping 
sequence). 
This is one likely way for managing alley 
cropping strips, which could be man~ged 
differently in order to achieve different 
objectives and advantages of the system 
and minimize the labor involved in canopy 
management. 
Suggested Changes in IARCs' 
Roles in Research and Training 
Changes in Research 
The lARes have traditionally given 
emphasis to strategic and applied research, 
while NARS have usually concentrated more 
on applied and adaptive research. The 
emphasisonsustainabilitynecessitates both 
an increased scopeof research and increased 
financial support Toachieve this objective, 
it would be necessary for IARCs to be more 
involved in basic research,especially in such 
areas as environmental mOnitoring, crop 
physiology, ecology, geography, etc. This 
canbeachievedthroughgreatercooperation 
with universities than in the past. This 
could, at least, be limited to regionally 
selected universities (see Table 23). As a 
result of the weakness of NARS and their 
lack of resources, [ARCs need to be involved 
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Large (10-100 ha or monel 
Complex, tractors and 
implements, threshers, 
combine harvesters, etc. 
Few species (1-3). 
Improved narrow genetic 
base. 
Usually 1 or 2 species 
Mechanical, petroleum 
fuels, electrical energy. 
Inorganic fertilizers, 
sometimes manures 
soil amendments, e.g., 








Growth regulators for 
defoliation, control of 
flowering, fruit drop, 
etc. 
Mechanical-tractors 
plus implements: pickers,. 
balers, threshers, combine 
harvesters. 
Mechanical forced-air artificial 
drying using petroleum fuels, 
sometimes refrigeration. 
Table 22. Different operations performed during different stages of crop production 
and utilization, and the extent of likely erosion hazard involved. 
Operations at different stages of crop 
production and utilization 
Clearing 
Land development 
Tillage and preplanting cultivations 
Planting 
Subsequent soil management 
Water management 
Fertilization 
Weeds, pests, and disease management 
Harvesting 








Soun:e: Okigbo (1986) . 
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1. Extent of eroeion hazard depends on interaction or operations with environment and other factors. 
• [ndiGates possible association with environmental pollution. 
work, in collaboration with NARS and 
univerSities, in SO far as trus specifically 
enhances adoption of technologies. Care 
should be taken to ensure that IARCsare not 
unduly saddled with more research and 
related activities that could reduce their 
effectiveness or dilute their efforts. For 
example, nTA' s work in alley cropping could 
be made more dynamic by expanding its 
agroforestry potential in such a way that 
specific cropping patterns could be tested 
for: 
• alley cropping systems tha t ensure high 
fuelwood orpoles production with only 
a slight reduction in food staples 
production; 
• alley cropping systems wruch incorpo-
rate the growing of useful plants that 
suppl yra w materials for paper orcrafts, 
along with some food crops; 
• alley cropping systems wruch integrate 
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the growing of food crops with 
vegetables and fruit trees; and 
• alley cropping systems in which 
different hedgerow species are 
evaluated for their energy supply 
potential, with observations on different 
cooking stoves and/ or yield of charcoal 
and other products. 
These will involve more adaptive 
research than IlT A has been used to in the 
past, but it can be carried out through 
collaboration with NARS in cooperative 
development projects. 
Changes in Emphasis in Program 
Objectives and Activities 
The sustainability emphasis requires some 
modifications in the area ofIARCs' program 
objectives and activities. Suggestions in this 
regard are listed in Table 24. In resource 
management, for example, there is need for 
more basic studies of environmental 
variables, and for the determination of 
resource characteristics that lend 
sustainabilityto a given production system 
or ensure enhancement of the resource base. 
Higher priority should be given to energy 
management as a component of farming 
systems engineering. An IARC such as lIT A 
cannot afford not to have a t least two systems 
engineers in place all the time. Moreover, 
economists should be involved in this kind 
of work and there should be more effective 
interaction among various diSCiplines, 
including social scientists, physical scientists, 
environmental scientists, agronomists, 
biochemists, etc., where they are needed in 
environmental monitoring activities. Much 
higher priority should be given to systems 
synthesis evaluation, and to studies of 
resources interaction in systems and 
subsystems. More effort should be devoted 
to systems des ign testing, and to 
development of methodologies for 
evaluating sustainability and contributory 
factors . The management of 
interdisciplinary teams, which presently 
emphasizes development of diSCiplinary 
capabilities and peer group status 
recognition of scientists in their areas of 
specialization, needs to be balanced with 
due recogni tion for their service role in 
collaborative activities, which is sometimes 
difficult to evaluate. 
Commodity conversion work should 
expand in scope to encompass primary and 
secondary processing activities, at least 
throughco\laboration withNARS and other 
agencies, so that nutritional implications of 
the use of pesticides, for example, could be 
monitored during the postharvest phase, 
especially in monitoring pesticide residues 
and pollution. There is a need for the 
International food Policy Research Institute 
(IFPRI) to assist in developing African 
capabilities in policy research and training 
in different regions of Africa . This could be 
done through location of staff at existing 
institutions, including universities. The 
importance of political and administrative 
institutions in ensuring sustainability, as 
noted above, necessitates that more 
emphasis be given to policy. 
Strengthening of national capabilities 
should be given higher priority in the area of 
research management, and the IARCs need 
to devise provisions to do this. In this regard, 
there is a need for IARCs to improve the 
information and communication services in 
Africa, including making available all 
publications free to faculties of agriCUlture, 
ministries, and university libraries. In staff 
development, IARCs and donors should 
work out methods of collaboration in 
training to minimize the extent to which 
dependence is fostered through ex-colonial 
Table 23. Modification of research focus necessitated by sustainability emphasis. 
Institutions 
Category IARCs NARS Universities Special 
lnsti tutions' 



















Table 24. Suggested change in emphasis in various IARC program objectives and 
activities, engendered by the sustainability emphasis. 
Program objectives 
Resource management 









More work on resource interactions. More basic work on 
environmental monitoring. More work on energy 
management and alternatives. Greater emphasis on 
mechanization and systems engineering. Expand scope of 
involvement of economists and social scientists. 
Expand work on longer-term evaluation of performance, 
e.g., rotations and sequences. Expand work on related 
environmental monitOring. More work on systems design 
and testing. 
Extend work on range of postharvest technology 
development and testing. Extend research on nuritional 
monitoring, through linkages with national and 
international bodies. 
Need to develop regional center or centers for training and 
research. Greater focus on certain countries. 
More effort in training, especially in management of 
research and interdisciplinary team research management. 
Improve communications with and infonnation service to 
NARS. 
Need for more collaboration with selected universities and 
special institutions. 
powers using their institutions in tempera te 
regions to offer courses in such areas as 
plant breeding, without any period spent in 
the tropics. there may be a need for two 
SAOCC-like centers in West and Central 
Africa and the Sahel, where interaction with 
IARCs can be better coordinated. In this 
regard, the establishment of the ICRISA T 
SahelianCenteratNiameyin Nigeris timely 
and a step in the right direction. The 
sustainability perspective requires more 
holistic and inter·insti tutional collaboration, 
and it should be nurtured through effective 
collaboration among scientists, programs, 
and institutions. Unless this is done, the 
pressure for IARCs to broaden their mandate 
activities, despite the limited resources at 
their disposal, will be high. 
which priority should be given to 
conservation, through cooperation with the 
International Board for Plant Genetic 
Resources (lBPGR), for work on indigenous 
African food crops in different regions. This 
will lend support to extending the range of 
use of indigenous species in agroforestry 
systems and in rotations and cropping 
sequences in which they feature with major 
staples. More priority should be givC!' to 
studies of a wide range of agroforestry 
species and systems, especially in the humid 
tropics, where their sustainability potential 
is high. It would be necessary for lIT A, for 
example, toconductmoreintensive research 
on home gardens and agroforestry for 
various uses, in addition to the present 
limited work on alley cropping systems for 
food crop production. There is no reason 
why various ways of growing food and cash 
arable crops with oil palms, rubber, or 
horticultural crops such as papaya (CariOl 
Other Areas of Emphasis by the IARCs 
These could include germplasm 
conservation and crop diversification, in 
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papaya), mangoes, oranges, and even forest 
trees for different uses (e.g., PleroCllrpus spp. 
for leaf vegetables), including the growing 
of black pepper on some trees, should not be 
thoroughly explored. This aspect of 
agroforestry can be easily execu ted t1lfough 
collaboration with NARS that are already 
working on some ofthese crops. TIle World 
Bank is very much interested in this aspect 
of tree crop production, in which fanners 
are also often interested. 
Bearing in mind that sustainable crop 
production systems can best be designed, 
tested, and developed into rotations, the 
best way of achieving this is through 
progressive biological sequencing. This 
involves the selection of crop species and 
designing of the cropping patterns in time 
and space to facilitate dynamic cyclical and 
linear changes in each field environment 
(Figure 21). The cropping patterns in the 
different fields (i.e., 1,2,3) are designed in 
such a way as to facilitate integration of 
crops and animal production through the 
interaction of the cropping sequences and 
the management practices in one field with 
those on other fields. 
Roles of National Agricultural 
Research Systems and Related 
Institutions 
Sustainable agricultural development 
cannot be realistically pursued sectorially 
and in isolation. [t must be an integral 
component of an overall sustainable 
livelihood and development strategy, which 
gives priority to better management and 
conservation of resources so tha t their use in 
satisfying human needs minimizes damage 
to the environment. Consequently, 
sustainable agricultural development can 
most readily be achieved as a component of 
overall improved national resources 
conservation, which would include their 
management, production, efficient 
processing, and utilization. It also 
necessitates changes in education and 
training, research and development 
activities, political and administrative 
support, as well as institutional changes. A 
major component of the broad scope of 
research, the complex problems to be solved, 
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and related training and other activities are 
al\ the responsibility ofNARS. Suggestions 
on the role of NARS are reviewed next. 
Education and Training 
Sub-Saharan Africa is under serious 
acculturation stress as a result of the triple 
heritage, referred to earlier. Therefore, there 
is need for a change of attitudes and values 
necessary for the development of an 
environmentalethic, in tunewith the current 
concern about the environment and 
sustainable development. Most of the 
traditional conservation and resource 
management strategies,embodied in various 
traditional religiOUS practices, culture, and 
taboos have been disrupted and are no longer 
functioning. Consequently, there is need 
for change in theeducational system to reflect 
more knowledge of the environment and 
the effects of different human activities on 
the environment. There is also need for 
more basic understanding of the world 
around us and especial\y of Africa's natural 
resources, in addition to ensuring better 
agricultural literacy in educational programs 
and curricula at different levels. This is the 
best way of making sure that those who in 
future wil\ shapepolicyorengage in research 
or development activities have a suitable 
background in natural resources and the 
need for their conservation, as well as their 
more efficient and ra tional management and 
utilization. Also required is a good 
educational background, which should 
include a sound foundation in the basic 
sciences for everyone, no matter what his/ 
her final area of specialization. To ensure 
this, there is need for review and revision of 
curricula and courses offered at all levels in 
the educational pyramid. Associated with 
these changes should be the upgrading of 
facilities for training, which ensures 
development of skil\s through measures for 
achieving a balance between general 
education and vocational training. The 
deficiencies in general education in African 
countries are well known, but the concern 
about environment and sustainability calls 
for prompt and effective action. 
Research and Development 
Sustainable development strategies require 
that research and development activities at 
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Figure 21. Conceptual framework for designing new crop rotations, showing the pattern at 
cyclical and linear sequencing In Individual fields (1,2,3) of successive crops management 
decisions Interacting with each other, through Integrative farm structuring. This facilities 
Integration of crops and animal production In highly suslalnable mixed farming systems (after 
Francis e' al. 1986). 
the national level be strengthened and 
broadened in scope, to ensure a balance 
between basic and applied research and 
development work. In most countries 
world wide, universities are the only 
institutions that are by their nature and 
provision for academic freedom empowered 
to engage in all kinds of research and 
development activities, in which they 
interact with the more specific commodity 
and specialized research institutes in the 
NARS. But in Africa most universities are 
isolated. There is, therefore, a need to 
reinvigorate universities in research, to 
improve their facilities for high-level 
manpower development, and to provide 
adequa Ie funding so that they caneffectively 
conduct studies and research in the whole 
area of natural resources and agricultural 
production. Sustained research of sufficient 
scope in the NARS, including universities, 
is the only sure way of ensuring that NARS 
deficiencies in the N ARS. The IARCs need 
to concentrate on those aspects of research 
related to their mandate in which they have 
the advantage and which require facilities 
that NARS can hardly afford. 
Political, Administrative, and 
Institutional Changes 
At the national and/ or regional level, there 
is need for changes in organization and 
institutions to ensure greater stability and 
more effective collaboration in policies, 
planning, and execution of sectoral 
development programs. There is also need 
for changes in policies and provisions, to 
enhance effective commitment to relevant 
research and development activities in 
agriculture and natural resources for 
sustainable livelihood. 
Summing Up 
take full advantage of developments at the In both developed anddevelopingcountries 
IARCs. ItwouidalsoensurethattheIARCs' worldwide, there is currently a growing 
research and training activities, which concern about environmental pollution, soil 
shouldgrowwiderinscopeandcomplexity erosion and degradation, loss of genetic 
in order to effectively tackle sustainability diversity,increasinglevelsofcarbondioxide 
problems, are not overstretched and intheatmosphere,anddepietionoftheozone 
weakened by efforts aimed at making up for layer. All these changes have adverse effects 
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on man's resource base and the life-support 
system of all living things, In response to 
these, there have arisen in different parts of 
the globe political parties and environmental 
activists whose major concern is stemming 
the tide of assault on our resource base and 
regreening the earth, so as to sustain future 
generations for millions of years to come, in 
perpetuity if possible. Sustainability in 




and so on. Based on a review of several 
publications, it has been emphasized that 
sustainable agricultural development in 
Africa should be considered at the global, 
regional, national, and local leveis, at each of 
which system components and subsystems 
also deserve attention. In short, we are 
dealing with a hierarchy of systems. In 
addition tothetechnicaland economic issues 
about sustainability in agricultural 
production, of concern to the CGIAR and 
IARCs, there are important political, ethical, 
moral, legal, cultural,and institutional issues 
that should be addressed at various levels if 
sustainability in agricultural prod uctionand 
developmentis to beachieved. Based on the 
assessment of the continent's resources, 
including climate, water, energy, and 
human, institutional, scientific, and 
technological capabilities, it Is emphasized 
that more in-depth research, also with a 
wider scope, is reqUired, especially in the 
national agricultural research systems 
(NARS) and to some extent in the IARCs. 
The need for more effort and resources to be 
devoted to the planning, designing, and 
testingofsustainableagriculturalproduction 
systems, based on an understanding of 
traditional and conventional resource 
management strategies and technologies, is 
stressed. Itis further emphasized that there 
is need for special programs forinstitutional 
and manpower development in Mrica, for 
at least another 10 years in the first instance. 
Observations and recommendations related 
to these aspects are summarized next. 
General Observations 
1. The environmental problems of 
world wide concern have arisen from 
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different drcumstancet in developed and 
developing countries. They raise ethical, 
moral, legal, and political issuesin resource 
conservation. management, production, 
processing,and utilization, and they require 
moreprudence,responsibility,andconcem 
about the use of both nonrenewable and 
renewable resources to satisfy man's real 
basic needs and the human propensity for 
material consumption, territorial possession, 
and domination. 
2. The sustainabili tyissuecalls for a global 
ethic and responsibility in the sharing of 
resources, which iscurrently heavily skewed 
against the developingcountries. It requires 
education, reorientation, and a change of 
attitudes to tackle the problems of resource 
limitations, environmental degradation, 
pollution, rapid population growth, and 
pressures of modernization in as holistic a 
manner as possible. 
3. Sustainable development calls for the 
redistribution of wealth and effective 
measures to ensure peace and security 
nationally and internationaUy, so that a large 
proportion of the world 's military 
expenditureofUS$I.000bilIion,amounting 
toUS$ 2million a rninute,canbe used for the 
provision of basic needs and education to 
the poor. But how best can this be done? 
4. There is fast evolving a global economy 
and a highly interdependent global 
community, into which Africa and other 
developing countries are being drawn at a 
very fast pace and at a time when these 
countries are virtuaUy Crippled by poverty, 
heavy debt burdens, poor health, 
malnutrition, illiteracy, lack of scientific 
cu1ture,andsoon. It is obvious that without 
a long-term special program of Invesbnent 
in manpowerand institutional development, 
it will not be possible for the oontinent to 
develop adequate capabilities in research 
and development to find solutions to Its 
current problems, let alone attaining 
sustainability in agriculture and general 
development that requires a special R &: D 
agenda of sufficient srope. depth. resource 
allocation, and long-term commitment. 
There is an urgent need for arrangements to 
be made to obtain funds for these special R 
&: D efforts from discounts on the crushing 
debt burdens of African countries. 
5. Since sustainability in agricultural 
production and developmentis a long-term 
proposition, the most serious constraint that 
African countries face in this regard is a lack 
of stability in political and administrative 
institutions, which is needed for nurturing 
development. These institutions are 
responsibleforthepolicyumbreUa, political 
commitment, planning, program 
preparation and launching, allocation of 
resources, monitoring of progress, and 
coordination of activities in various sectors, 
including education, research, and 
extension. It is obvious that unless political 
stability and support are assured, R&D 
activities needed for sustainable agricultural 
development cannot be effective. 
6. Africancountriesandtheirleadersneed 
to know that whatever the stated national 
polities of developed countries may be on 
development assistance, each country 
provides aid mainly on the basis of narrow 
political objectives and self interest, rather 
than on the basis of moral obligations and 
ethical demands for equity. There are also 
fears in developed countries about 
development assistance in agricultural 
research resulting in competition to their 
export trade in basic staples. Consequently, 
African countries that continue to depend 
on foreign assistance for most of their 
research, training, and extension activities, 
however committed theymaybe, aretotally 
unrealistic and are not likely to achieve 
sustainability in this way. 
7. Sustainable agricultural production in 
Africa can best be achieved as a component 
of an overall rational natural resources 
conservation and management program, 
which minimizes competition among 
agriculture, fisheries, forestry, industry, and 
other relevant sectoral activities. 
Recommendations 
Role of IARCs 
1. Basic Research. The lARCs need to 
extend the scope of their research to some 
aspects of basic research in such areas as 
environmental monitoring, study of resource 
characteristics, crop ecology and physiology, 
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cropcompetition and behavior of organisms 
which are crucial in the development of 
emerging technologies, such as integrated 
pest management. This may be achieved 
throughspecialcollaborativearrangements 
with uni y,:,rsitiesand Specialized institutions 
in both developing and developed countries. 
2. Adaptive Research. IARCs should,as a 
result of weaknesses of NARS in Africa, 
undertake some aspects of adaptive and 
developmentreseanch,incollaboration with 
NARS, to ensure adoption or com-
mereialization of the technologies they 
develop. 
3. Agroforestry. Bearing in mind the fact 
that in the humid tropics and part of the 
subhumid tropics, the soils are more prone 
to degradation and the cost of inputs tends 
tobehigherwith row or arable crops, greater 
priority should be given to the development 
of agroforestry systems that make good use 
of trees and shrubs, including fruit treesand 
plantation crops, such as bananasl plantains, 
citrus fruits, oil palms, and coffee, in 
integrated production systems with food 
crops. 
IARCs' Program and Research Activities 
1. Resource ManagemenL In resource 
management, priority should be given to 
resource characterization and the socioeco-
nomic evaluation of resouree interaction at 
different levels and input mixes. Basic stud-
ies should be conducted on the behavior of 
various organisms associated with crops 
and animals in each lARC's mandate, their 
life cycles and ecology, to aid the design of 
integrated pest management systems and 
various compatible approaches to pest and 
disease management. Highest priority 
should be given to efficient energy use and 
alternative energy sources, especially in 
association with mechanization and appro-
priate technologies. This will minimize the 
continuing reliance, almost exclUSively, on 
human energy, with the associated drudg-
ery in farm work. In this regard, particular 
attention should be given in the develop-
ment of improved technologies to the spe-
cial problems of women. 
2. Productivity EnhancemenL Priority 






evaluation of resource mixes and their 
peMUl8I\ceinSUbsystemsandsystems; 
evaluation of cropping sequences and 
rotations, on both short-tenn and Iong-
tennbases; 
environmental monitoring above and 
below the ground, especially with 
respect to pesticide residues and 
contamination; 
expansion of work in alley cropping for 
specific objectives in addition to food 
prodU<:tiol\ (e.g., special systems for 
fuelwood, charcoal, poles f.!OOuction, 
etc., with the highest prionty given to 
crop diversification in alley cropping 
systems, especially In the humid and 
subhurnid tropics); and 
integrated watershed and land-use 
development, where technologies and 
systems are tested, evaluated for 
sustainabllity in small watersheds, and 
then used for demonstration purposes. 
3. Coaunoctlty Conservation. lARCs 
should broaden their scope of research in 
the postharvest phase of crop production, 
not only to enhance sustainability of 
production by reducing losses but also to 
provideruralemp1oyment, while increasing 
incomes through value added. 
4. Integrative Efforts. Despi.tethenumber 
of years of experience in farming systems 
research and management of 
multidisciplinary teams, there still appears 
to be ineffldency in the management of 
multidisciplinary teams, which are crudal 
inreseardt witha sustainabilitypeIspective. 
There is need for either offering training in 
this area or improving the management of 
multidisciplinary teams, SO as to ensure 
recognition of both peer status in various 
dlsclp1ines and interactive service functions 
Africa necessitate the launching of a special 
program on manpower and institutional 
deve10pment at levels that will facilitate 
attainmentofthecriticalmassandexcellence 
to bring about sustainable agricultural 
production systems in tropical Africa. In 
this regard, the Special Program for African 
Agricultural Research (SPAAR) should 
explore the possibility of launching an 
effective Africa-wide manpower and 
institutional development program, for a 
period of 10-20 years in the first instance. 
• There are still many institutions, 
especiallyamongtheex~lonialpowers 
inEurope,offeringsuchcoursesasplant 
breeding for the tropiCS in Europe. It is 
reoommended that lARCs plan to jointly 
organizesuchroursesinregionalcenters 
in Africa, and thus minimize practices 
which nurture further increased 
dependence on oountriesoutside Africa. 
• SincemanycountriesinAfricaaresmall 
and/or poor, it would be most 
economical to setup regional centers on 
the model of the SAOCC, in Central, 
W estem,andSahelian African countries 
for manpower development. 
s. Policy EnvironmenL Thesustainability 
perspective in research in the African region 
and elsewhere necessitates higher priority 
in research and training to agricultural 
policy. More efforts should be made to 
develop local capabilities in the area, by 
offering courses in regional centers or 
conducting training in selected universities 
in sub-Saharan Africa. 
6. Gennplum Conservation. There Is a 
need to conserve, at least regionally, the 
germplasmofindigenous African crops and 
useful plants, to minimize genetic erosion 
and extinction. The IBPGRand lARCs may 
assist In thedevelopmentof facilities for this 
in different regions of Africa. 
in teamwork. 7. TraInIng. In addition tocurrenttraining 
More effort should be devoted to programs in the IARCs, the highest priori ty 
supporting studies that contribute to the should be given to research management 
development of integrated pest training. not only for administrators but 
management, through cooperation among also for research fellows in M.Sc and Ph.D 
various institutions. desr-related research programs. It is 
The defidencies in manpower and suggested that the International Service for 
institutional development in sub-Saharan National Agricultural Research (!SNAR) 
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explore ways of strengthening training in 
this area, if possible with the cooperation of 
theInternationalCenterof Insect Physiology 
and Ecology (ICIPE), which already offers 
some training in research management 
8. Interaction withPollcymaken. Because 
of the importance of political and 
administrative institutions in ensuring 
commitment and resource allocation to 
agricultural research, development 
activities, education, and training. it is 
recommended that IARCs make periodic 
presentations to relevant African 
policymakers at least once a year. This can 
be done throughOAU/STRC. 
9. CommunicationsandInformation. lbe 
N ARS in Africa and, in fact, most African 
research and training institutions remain 
isolated from the global information 
networks. Moreover, a lotof new knowledge 
and new technologies being developed at 
the IARCs is often unknown to interested 
individuals in different parts of Africa. !tis, 
therefore, recommended that the CGIAR 
and I ARCs arrange to obtain donor support 
to have alilARC publications made available 
free of charge to university faculties of 
agriculture, libraries, and individuals 
working on similar problems in Africa. 
Roles of NARS and National Institutions 
1. Research, Education, and Training. By 
and large, much of the research and 
development activities of wider scope and 
complexity, required for ensuring 
sustainabilityinagricultural productionand 
development, is the responsibili ty of NARS, 
since the scope of their work encompasses 
crop prodUction, animal production, 
fisheries, and forestry. In this, the N ARS are 
not as limited by their mandate as are IARCs. 
It is recommended that allhe national level, 
each country, either alone or in cooperation 
with other countries, should: 
• Review the effectiveness of the educa-
tional systems to ensure greater rele-
vance and effectiveness in science and 
technology, and to incorporate environ-
mental education and nurture agricul-
turalliteracy, so that those who become 
policymakers have the background, 
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undentanding. knowledge,andconcem 
needed to ensure long-term commit-
ment to policies and programs for sus-
tainable agricultural development. 
• In view of the high levels of illiteracy 
(up to 70%) among farmers, which 
hamper technology adoption and 
minimize the extent of contact with 
farmers through several media, give 
higher priority to special adult education 
programs in rural areas, especially in 
association with extension work. 
• Strengthen research that enhances 
capabilities in the knowledge of natural 
resources, their management, 
processing. and utilization. 
• Make more effective use of universities 
where they exist, since, in cooperation 
with national research institutes, they 
not only engage in activities that cover 
all levels of education but are also in a 
position to conduct basic, strategic, 
applied, adaptive, and developmental 
research, necessary in sustainable 
agricultural and general development, 
to an extent far beyond what the IARCs 
cando. 
• Ensure policies, institu tional develop-
ment, long-term commi tment, and allo-
cation of adequate resources for the 
research, development, and training 
necessary for sustainable agricultural 
development, through collaboration 
with the IARCs. 
• Allocate some resources to the 
conserva tion of germplasm of some 
indigenous food crops and useful plants 
within its borders, either in special 
reserves or in modest, affordable 
facilities. 
• Recognize that fertilize,' use in 
agriculture is imperative, but give 
priority to research aimed at increasing 
efficiency of its use, reducing its cost, 
and minimizing Ihedangerofpollution 
in its use, by taking ad vantage of 
biological processes, such as nitrogen 
fixation and mycorrhiza that enhance 
phosphate nutrition. 
2. Other Measures for Sustainable De-
velopment. To enhance sustainable agri-
cultural development nationally, other 







researchers, policymakers, extension 
workers, a nd fa rmers. 
Priority to integrated national land-use 
plans, as a basis for all sectoral 
development activities. 
Delineation of the country into major 
agroecological zones, in cooperation 
with IARCs and other agencies, so as to 
ensure that various commodities are 
grown and their associated production 
systems used in places where they have 
ecological and economic advantages. 
Use of watersheds as units for 
agricultural development planning, 
within~ated watershedrnanagement 
as a baSIS for project execution, and 
adherence tosoiJ capabilitydassification 
guidelines in selection of sites for 
growing various commodities. 
Hi~h priority to use of small-scale 
irngation projects for increased 
productionindrierareas, with emphasis 
on research that ensures better drainage 
and water management to minimize 
salinity problems. 
• Measures to ensure greater environ-
mental consciousness in agricultural 
development and industrial projects, 
and to provide adequate monitoring 
activities on a regular basis to guide 
legislation and enfoncement proviSions 
to minimize pollution and environ-
mental degradation. 
• Priority to provision of fuel wood in both 
urban and rural areas, through 
agroforestry systems that satisfy many 
objectives, while protecting the soil and 
producing food and various useful 
products. 
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Annex 1. 
A. Some Economic Indicators for Developed and Developing Countries 
Per capita GNP 
Income ratio 
Deaths per 1000 live births 
Life expectancy (years) 
Literacy (%) 
Protein intake (gJ 
Number of people per doctor 
Energy use (percentage of world 
energy supply) 
























B. Other Indications of Level of Poverty in Developing Countries 
Number of malnourished people 800 million 
Number of illiterate people 1 billion 
Number of children dying annually of hunger 
and diseases 13 million 
Number of people without normal health care 800 million 
Proportion of people having access to safe water 2 out of 5 
Proportion of people without proper sanitation lout of 4 
Children not attending school 
(a) 6-11 years of age 30% 
(b) 12-17 years of age 60% 
Source: Barnaby and Pearson (J988); WCED (1987). 
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